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OPERATION OF INDUCTION 
MOTORS IN SYNCHRONISM. 


By Dr. T. F. Wart, M.I1.E.E. 







' ‘Tue principle of the operation of induction motors 
in synchronism is being used extensively for many 
| types of industrial drives and has provided a 
' relatively cheap and simple solution to many 
| problems which would otherwise involve heavy 
' and expensive shafts. Many difficulties, moreover, 
_ could not be overcome in any other way than by 
_ the application of this principle. The system, 
which is described below, is generally known on 
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the Continent as the “ Electric Shaft,” or, alter- 
natively, as the “‘ Synchronous Tie.” 

The purpose of the device is to ensure that two 
or more similar induction motors connected to the 
same supply mains shall run at precisely the same 
speed; that is to say, the motors shall run in 
synchronism, but the speed can have any desired 
value. The synchronous running of the motors is 
obtained independently of the individual loads. 
The arrangement dispenses with any mechanical 
coupling and, consequently, the motors may be 
placed in any convenient position in a room, 
building, or on an outdoor site, the only essential 
link between them being the electrical connection 
of the motor slip-rings. 

Typical examples of the wide range of purposes 
for which this system is now used are: (i) transporter 
bridges for use on docksides, in which two motors 
are driven in synchronism to ensure that the two 
supporting columns shall move at exactly the same 
speed, thus avoiding the necessity for any mech- 
anical connection between them ; (ii) the operation 
of a weir-gate to ensure that the winches shall 
lower or raise each side of the gate at the same 
speed ; (iii) the driving of machines in textile mills 
to ensure that the material in passing from one 
machine to the next shall not be subject to undue 
strain, and also to avoid an accumulation of material 
between the machines ; (iv) for annealing furnaces 
and bakers’ ovens with travelling trays driven at 
both ends, thus avoiding the use of shafts inside 
the ovens; and (v) for ship-propulsion, so that the 
propellers can be kept running at the same speed 
when desired and can also be maintained in the 
same position relatively to each other while running, 
thus reducing vibration to a minimum. 

In many cases, the normal type of synchronous 
motor might be used and the reasons for preferring 
the synchronous-tie system are that synchronous 
motors are more expensive, the speed cannot be 

















do not take place synchronously. 

In Fig. 1 are shown two identical three-phase 
induction motors, the stator of each machine being 
connected to the same supply mains, while the 
corresponding phase-windings of the two rotors 
are connected through the slip-rings. Under these 
conditions, the e.m.f’s of the two rotors will be in 
direct opposition, so that no current will flow in 
the rotor circuit and the machines will remain 
stationary, it being observed that the star-points 
of the system are not connected. Now suppose 
that the stator switches are open and the two rotors 
are turned by hand in opposite directions through 
an angle of, say, 30 electrical degrees. If the stator 


Fig. 2(b) 
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magnitude of the resultant e.m.f. per phase will be 
BA=I1X volts. Where X is the total leakage 
reactance per phase of the circuit ; and the current 
vector will be at right angles to the ure vector 
BA. It is also to be observed that when referred 
to the link K (Fig. 1), between the two rotors, the 
current in the two rotors must be considered as 
flowing in opposite directions. The corresponding 
relationships will then be as shown in Fig. 2 (a). 
The power supplied by the mains to machine I 
will then be 


“ 
W, = 3V I, cos 2 watts, (1) 


and the corresponding torque on the rotor I will 


~ 



































(3"8 >) 


G 
switches are now closed, the rotors will turn back 
to their original positions; that is to the position 
in which the induced e.m.f’s of the two rotors 
neutralise each other, so that no current flows in 
the rotor circuit. This action can be explained as 
follows, with reference to Fig. 2. If the rotor of 
machine I is moved from the neutral position 


through the angle > in the direction opposite to 


that in which the rotating magnetic field in the 
air-gap is moving, and if the rotor of machine IT 


is moved through the same angle = in the same 


direction as the rotating field, the two rotors being 
held in these positions by applying the necessary 
restraining torque, a three-phase e.m.f. will be 
developed in the rotor windings as shown by the 
vector BA in Fig. 2 (a), and, in consequence, a 
three-phase current of I amperes per phase will 
circulate between the two machines. This current 
will then operate to pull the two rotors back into 
the neutral position. 

If the resistance losses and the magnetising 
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have a motoring action. The power which is 
returned to the mains by the machine II will be 


(2) 


and the corresponding torque on the rotor II will 
have a generating action. The relationship between 
the currents I, and I,, will be 

I; oso-— In 

It will be seen from these results that the torque 
on each machine will operate to return the corre- 
sponding rotor back to the neutral position ; that is, 
to the position for which « = 0. 

Since it has been assumed that there are no 
losses in the system, there will be no dissipation of 
power. The torque on each rotor is determined by 
the power which crosses the air-gap of each machine ; 
so that the magnitude of the torque on each rotor 
will be 
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a 
Wy = 3V Iy cos g Watts; ° 


a 
3V I cos — 
2 


~ Qa my X 9-81 
where , revolutions per second is the speed of the 
rotating field in the air-gap of each machine; that 
is, the synchronous speed. The sum of the torques 
onthe two machines is the total torque which 
operates to return them to the neutral position. 
If the angle « exceeds a certain magnitude, the 
limit of stability is exceeded, and the torque will 
then decrease as « increases. The conditions which 
determine this limiting value of « may be derived 
as follows. 

Referring again to Fig. 2 (a), the power which 
crosses the air-gap of each machine is 


m.-kg., (3) 


v 


VIX cos S 





currents of the two machines are neglected, the 


a 
W= Vics =3 X watts, 
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that is, 

OA x OBsin§ at? (area of A O A C) 
x 

and it is easily shown that, for given values of 

V and X, the area = the triangle O A C will become 


&@ maximum when © = = 45 deg., that is, when the 


angular cients between the pressure vectors 
O A and O Bis 

a = 90 electrical degrees, . » (4) 
and this defines the limit of stability (Fig. 2 (0) ). 

If only one rotor is turned, say, by hand, the 
other rotor will follow the movement, and this 
characteristic feature is used, for example, to 
transmit the movement of the pointer of an instru- 
ment to some distant station for observation and 
control. 

Suppose, now, that the two machines of the 
system shown in Fig. 1 are running and that the 
load on machine I is greater than that on machine IT. 
Then rotor I will fall back by some angle « rela- 
tively to rotor II. When drawing the vector 
diagram for this system, it is usually more con- 
venient to assume that the two rotors remain in 
the same position relatively to each other, as 
though both machines were unloaded, the effect 
of the load being taken into account by assuming 
that the supply-pressure vector of machine II 
falls back by the angle « relatively to the supply- 
pressure vector of machine I. A little consideration 
will then show that, electrically, this is equivalent 
to the actual conditions. 

It is now easy to write down the equation which 
defines the operation of the system as follows : 


, 
- V,e—3* =I [2 


watts, 





w=3 


R 
se ti2(X+ x%.) | 


the vector V, being taken as the datum vector. 

In this equation, the magnetising current of each 
machine is neglected, as well as the resistance of 
the stator windings, so that the equivalent circuit 
is as shown in Fig. 3, page 577, where 


X,, ohms per phase is the leakage reactance of each 

stator winding, 

ohms per phase is the leaknge reactance of each 

rotor winding reduced to the stator number of 
turns, 

Ri ohms per phase is the resistance of each rotor 
winding when reduced to the stator number of 
turns, 

S is the slip of each rotor, and 

I’ amperes per phase is the magnitude of the circulating 
current reduced to the stator number of turns. 


Substituting in equation (5), 
Vye 2% = V; (cosa — jsina), 


oc 


x, 





then 
i ae cosa — jsina 
FS a" ger ° * 
where 
, 
P = >, and Q = 2(X,, + X{,); 
so that 
Vi 
KR--h-5 alr — cosa) + Qsir x} 
+4{Psina +Qoosa-Q}], . 


and it is to be noted that this equation (7) gives the 
current vector as referred to the datum vector V,. 
As an example of the application of these results, 
the following numerical data may be taken : 
v= a = 289 volts per phase, 
R{, = 1 ohm per phase, 
o = X4, = 5 ohms per phase, 
8S =0:2, 
so that 


vs 


R 
P=2 3 =10; Q=2(X,, + Xf,) = 10; 
and 

Pp? + Q? = 200, 


and hence (see Fig. 3), 


tan a -2 =1; a = 45 deg. cosa = sing = 0-707, 


and the circulating current per phase of the rotor 
is 
y = 28 


sol (2° x 0-293 + 10 x 0-707} 


that is. é 
"Wf = 14-45 +96 = 15-7 22M. (gy 


The vector diagram for these conditions is shown 
in Fig. 4, page 577, and it is seen from this diagram 
that the power supplied to machine I is 

W, = 3V,; xX 15:7 cos 224 deg. = 12,600 watts, 
and the power returned to the supply mains by 
machine II is 
Wy =3V, x 15-7 cos (45 deg. +224 deg.) =5,200 watts. 
If the speed of the rotating field in the air-gap of 
each machine is 

MN, = 25 revolutions per second, 


then the motor torque developed by machine I 
will be 
Wi 


Qn ng x 9°81 


and the generator torque developed by machine II 
is 





1= = 8-2 m.-kg., 


Wu 
2m Xx 9°81 
so that the total torque which operates to hold 
the two machines in synchronism when running 
at the slip S = 0-2 is 

TI + Ty = 11-56 m.-kg. 

The synchronous-tie system as illustrated in 
Fig. 1, however, cannot operate in practice in this 
simple form. For example, when the load on the 
two machines is the same, the electrical conditions 
will require that the angle of displacement « of the 
two rotors relatively to each other shall be zero, 
and consequently no current can then flow in the 
rotor circuit. The most commonly used form of 
synchronous-tie is illustrated in Fig. 5, page 577, 
in which a resistance R’ ohms per phase is connected 
to the link K between the two rotors. This resistance 
can also be used for starting up the two machines, 
and an important characteristic feature of the 
operation is that the two machines will be held in 
synchronism while running up to speed. 

As a representative condition, it will be assumed 
that machine I is more heavily loaded than machine 
II and, as previously stated, it will be assumed that 
both the motors are identical in construction and 
in operational characteristics, so that, when equally 
loaded, they would, when in normal operation as 


Tih = = 3-36 m.-kg., 


losses in the machines will be assumed to be 
negligibly small and the magnetising currents will 
also be neglected. 

As explained above, the heavier load on machine I 
will cause its rotor to fall back by some angle « 
with respect to the rotor of machine IT. Electrically, 
this condition will be identical with that for which 
it is assumed that the rotors of the two machines 
remain in exactly the same position relatively to 
one another, as will obtain when they are both 
running light, provided that the supply-pressure 
vector of machine II is now assumed to fall back 
by the angle « relatively to the supply-pressure 
vector of machine I. The use of this device makes 
it possible to refer the vector diagram to the link K 
between the two rotors, and in this way a symmetri- 
cal and more easily interpreted diagram is obtained. 
The general equations which define the operation 
of the synchronous-tie system of Fig. 5 may now 
be written down as follows, 


R’ 
Vv; - "(2 +i{X,, + Xie}) =-V, i) 
—ja 1 (B , , 
v0" -S19 +9{X,,+Xi,}) = Va i) 
R’ 
(I, + Ws = Vi (iii) 


where Vj, is the pressure at the link K. 

As before, the symbols with dashes refer to the 
rotor circuit and denote that the constants have 
been reduced to the stator winding. From equation 
(9) (iii), it follows that, 


I = Va - & 2 ae 


and, substitutu, ‘or Ij in equation (9) (ii), it 
is found that, 


wee - (VEE -%)(F 


+ i{Xye + Xo}) = Vi 





+4 {10 x 9-707 + 10 x 0-707 — 10}] 


. + (11) 


separate motors, also run at the same slip. The | 





so that, from (9) fi) and (10) it is found that, 
Vi [2 + a (a +4{X,, +xtd})] - Vi + Vie" ja 
- (12) 


Substituting this expression for Vin equation (9)(i), 
the current in machine I is found to be 


s +R} +4 + x4.) “ ae] 


=v, 








Bi + es va se + Xie} - (®Y 


(13) 
and, substituting in equation (9) (ii) for Vi, from 
equation (12), the current in machine IT is “found, 
viz., 





R’ + Rj . ’ 
EE +1 (K,, + Xj_)| onde - 
Th = Vi - = 
R’ + Rj 8 R’\? 
Se +4 (Kye +X ‘ (=) 


(14) 
The power which is commeatienih through the 
air-gap to the rotor of machine I is given by the 
vector productt 
W,=3VWPh .  . - (15) 
where V¥ is the conjugate vector to V, with respect 
to the real axis of co-ordinates. If the pressure 
vector V, is assumed to lie on the real axis then 
Vi = V, and the power transmitted across the 
ail-gap to the rotor of machine I is given by the 
vector, 
R’ +R} 
s 





R’ 
+4(X,_+X6,) - yz (oosa—J sin a) 
{a - 7B} 





2 
W, =3V} A? + B? 

‘ (16) 
where, 


R’ ‘\2 
a-( eR) - (Xe + X{,)* - ‘© .\" 
, U 
pa2(@ +R 
8 


The “active” or ‘“‘ watt component” of the 
vector expression (16) is 
, , U 
A (7 — - ws a) 
8s Ss 
, 


R 
+B (x, + X{,) + 3 


+ (17) 





+ Xi, 








sin a} 
- (18) 





2 
W; = $V; A? + B? 


Similarly the “active ’ component of the power, in 
watts, which is supplied through the air-gap of 
machine II is, 


A = ~ cos a) 
" s s 


R’ 
+ B{(x,, omia-2 sina | 





Wi = 3 Vv? rs 2 . (19) 
The torque by the respective rotors I and II is 
then 





Wy (watts) 

= ——_——. m.-kg. 

71 9-81 x We = 
Wr (watts) 


9-81 x wy 


where w, radians per second is the angular velocity, 
in mechanical measure, of the rotating magnetic 
field in the air-gap of each machine. 

As a numerical example, the following data will 
be. assumed, 


Vi = Se = 298 volts; a = 69 deg. ; 


(20) 
m.-kg. 


"— 


R’ = 10 ohms per phase ; 
Ri = 1 ohm per phase; (X,, + Xj,) = 
10 ohms per phase ; 
A = 425; B=1,100; A? + B® = 1-39 x 10°; 
S =0:2; and wo = 2” x 25 = 157-3. 
By substitution in the foregoing equations it is 
found that, 
Ii = 16-2 —f3-5 = 16-7e amperes | 
Ii, = — 12-6 + 40-56 = 12-6 e177 2008. ae 
I, = Ty + If = 3-6 — 72-9 = 4-6 IONE. | 


—j12 deg. 


(21) 





+See Principles of Electrical Engineering, page 363. 
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INDUCTION MOTORS IN 








In the diagram, Fig. 6, these individual vectors 
are shown and it is to be observed that the vector 
OC defines the pressure at the link K when reduced 
to the stator winding and divided by the slip S. 

It is of interest to consider the energy balance for 
the system of Fig. 7, and the following data are 
derived from the results given in the foregoing and 
in the vector diagram Fig. 6. 

The power supplied from the mains to machine I 
is, 

3 V; 1{ cos 12 deg. = 14,350 watts. 
Torque on rotor I is, 
WI 
2a No x 9-81 
The mechanical power developed by machine I 
when the slip is S = 0-2 is, 

(Wmech.) = (1 — S) Wy = 0-8 x 14,350 = 11,480 watts. 
The power returned to the mains by machine II is, 
Wir = 3 V, If cos 604 deg. = 4,350 watts, 

so that the generator torque of machine II is, 

Wu o: 
27% x 9-81 3 vated 
The synchronising torque of the system, that is, the 
total torque which operates to maintain the two 
machines running in synchronism, is, 


ss i 


= 9-3 m.-kg. 








"> 


Tsyn. = 
The power lost in machine I is, 
3 (I,)* RE = 840 watts. 
The power lost in the loading resistance R’ is, 
3 (Ip)? R’ = 635 watts. 
The power delivered by machine I to the link K is, 
Wi — Wiech. — 840 = 2,030 watts. 


The power delivered from the link K to machine II 
is, : 


TT + Ty = 12-12 m.-ke. 


2,030 — 635 — 1,395 watts. 
The power loss in machine IT is, 
3 (If)* RL = 475 watts. 





Q 


The power delivered to the supply mains from the 
link K is, 

1,395 — 475 = 920 watts. 
Now the vector diagram, Fig. 6, shows that the 
total power returned to the supply mains by 
machine II is 

Wi, = 4,350 watts 

as already stated, so that machine II must be sup- 
plied with a mechanical drive of 


4,350 — 920 = 3,430 watts. 


The power distribution derived in this way is shown 
in Fig. 7. 

If equation (18) is differentiated with respect to a 
and the result equated to zero, the condition for the 
maximum value of W, will be obtained, that is W, 
will become a maximum when the angular displace- 
ment for the two rotors is %, where 

B 


tana = - A 


B 
cag, = 22) 
/ a? — B* , 


A 
cos &@ = — — 
4? + B* 
For the numerical data given in the foregoing, 
the value of a is found to be given by, 
1,100 
425 
that is to say, when W, reaches its maximum 
(motoring) value, 





tan&® = — = — 2-€, 


O% = 111 deg. 
Similarly, the maximum (generating) value of W,, 
is given by, 
& = 69 deg. 
For the condition that W, is a maximum, the 
torque “‘ inequality ratio ” is defined by, 


W.—. a 


a - awe] 
Wi + Wu (Wy)max. 


(23) 
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and for the conditions defined by the foregoing data, 
10-9 +1-1 
109-11 
The value of A as defined by the expression (23) can 
be stated generally, if the value of a as given by 
expression (22) is inserted in the equations (18) and 
(19) for W, and W,,, respectively, viz., 

R’\? | 

@) 


B 
A= 
, / 
[* =] +A? 
R’ 


A= 1-2. 





— 





tila R’+R/ 2 2 
v aren (FS*) +(X,5+Xi, ¥ 
(24) 


In Fig. 8 are shown by the full-line curves, the 
values of A as a function of the slip S for the follow- 
ing conditions : 

(X,, + Xj,) = 10: Rj =1; R’ = 3,5 and 10, 

respectively, 
these values of A having been derived from the 
foregoing expression (24). 

If the value of A in expression (24) is relatively 
small, as can frequently be assumed to be the case, 
then by putting A = 0 in this expression the follow- 
ing simplified formula is obtained, viz., 


R’ 
2(x,,+ x<,) m7 


a 
R’ + R4\2 : R’\2 
(=F) + Ge + x40 - (F) 


The dotted curves in Fig. 8 define the values of A 
as derived from this approximate formula. It is to 
be observed that, for practical conditions of opera- 
tion, viz., small values of R’ associated with small 
values of the slip, and for large values of R’ associ- 
ated with large values of the slip, there is close 
agreement between the results given by the exact 
formula (24) and the approximate formula (25). 

A particularly good agreement between the two 
formule is obtained in the neighbourhood of the 
maximum value of A. The value of R’ which corres- 
ponds to a given value of A is obtained from the 
expression, 





Ax 


5) 


R3\’ ,\2 
A (3) + AK, + x4.) 





R’ = 


to| 


(26) 
(x, + x’.) — AB 
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It will be seen from this expression (26) that the 
synchronous-tie will not operate for any arbitrary 
values of Rj, (X,,+Xj;,), 8S, and A, the 
limits being defined by the fact that the value of R’ 
as derived from the above expression shall not 
become either negative or infinite. That is to say, 


, 
A must be {8 [4] - (27) 
2 . 


Although this relationship is not quite exact, it 
does provide a valuable practical guide to the 
relationships which must exist between the indivi- 
dual factors. 

The practical limit of operation is shown in Fig. 8 
by the broken-line marked R’ = «©. The graphs 
of Fig. 8 show that the inequality ratio A reaches an 
absolute maximum value at a definite value of the 
slip and the design of the system should be such 
that the normal operation conditions correspond 
approximately to the maximum value of A. 

Making use of the expression (26), the following 
formule show what value of the slip will give the 
maximum value of A and also show what that 
maximum value is, viz., 


_ VR; GR’ + RY) 
x, ao ee (28) 
"a 
Amax. = 


VR; (2R’ + Ri) 

and these are the most important relationships on 
which the design of the synchronous-tie must be 
based. 


For a given value of the “inequality ratio” 
Amax., and for given values of the machine constant 
(X,, + Xj,) and Rj, the necessary value of the 
resistance R’ may be calculated at once. Thus, the 
most common practical requirement is A=1, 
and, consequently, the expression (26) shows that, in 
this case, 

=(1+V72)Ri, . . (29) 


and the normal slip for the operation of the system 
will then be, 
VizIvi (xe) = 9-49 — "2. 
a ee ee Xie +X’, 
° (30) 
, 
The value of the ratio Are + Ate may usually 
2 
be assumed to be about 10, so that the normal slip 
will then be 
S=> 60-2. . e - 631) 
Tt may be said that, in all cases in which great 
emphasis is not placed on the necessity for keeping 
the losses as low as possible, the synchronous-tie 
system as described in the foregoing is to be recom- 
mended on account of its simplicity and stability of 
operation. 





ALMANACS AND CALENDARS.—We have _ received 
monthly tear-off calendars for 1948 from Messrs. A. A. 
Jones and Shipman, Limited, Narborough-road South, 
Leicester ; Messrs. The D.P. Battery Company, Limited, 
Bakewell, Derbyshire ; British Ropes, Limited, Carr Hill 
Doncaster ; Messrs. The Associated Equipment Company, 
Limited, Southall, Middlesex ; Messrs. J. Samuel White 
and Company Limited, Cowes, Isle of White; Messrs. 
G.P.U., Limited, Palace of Engineering, Wembley, 
Middlesex ; and Messrs. The Bristo] Aeroplane Company, 
Limited, Filton, Bristol. Daily tear-off calendars have 
reached us from Messrs. Escher Wyss, A.G., Ztirich, 
Switzerland. A wall calendar having four months on 
each page has come to hand from K.L.M. Royal Dutch 
Airlines, 202-204, Sloane-street, London, S.W.1. 





SPECIFICATIONS AND DATA ON STEEL BARS.—Messrs. 
Kirkstall Forge, Limited, Leeds 5, have sent us a copy 
of their new 130-page catalogue dealing with the produc- 
tion and use of the grades of carbon- and alloy-steel bars 
rolled by the firm. The publication, now in its fourth 
edition, contains full details of British and American 
engineering and aircraft-steel specifications, and also 
technical data and notes on the properties, structure, 
treatment, testing and application of a wide range of 
constructional steels. A glossary of metallurgical terms, 
intended for the assistance of engineers and steel con- 
sumers, and notes on the history of the firm, with 
descriptions of its present shops and laboratories, are 
included. Copies of the publication, price 7s. 6d., may 
be obtained on application to the company at the addres 
given above. 
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Les Bases de la Résistance Mécanique des Métaux et 
Alliages. By DR. PIERRE LAURENT, JACQUES VALEUR 
and SERGE Bocrorr. Dunod, 92, Rue Bonaparte, 
Paris, VIe. [Price 1,200 francs.] 

THE material of this book was assembled while its 

authors were held in captivity in a German prison 

camp and was first presented in the form of lectures 
to their fellow prisoners of war. Discussions arising 
out of a perusal of Schmid and Boas’s Kristall- 
plastizitat prompted a fuller inquiry into the pheno- 
mena of plastic deformation in metals and alloys. 
The relevant literature, apart from that published 
in England and America during the war, was forth- 
coming, together with ample leisure for its critical 
consideration. Absence of laboratory facilities ruled 
out any independent check on the experimental 
data and not all published data are equally reliable. 

Though Bouasse, in his classical investigations begun 

some 50 years ago, established the techniques 

required to obtain reproducible and interpretable 
results, some subsequent workers have lost sight of 
certain of his precepts ; as, for example, that, when 

@ specimen experiences a deformation, it undergoes 

a transformation so that, as its behaviour is governed 

by its past history, a specimen which has served for 

one experiment is useless for another. 

The book opens with three introductory chapters 
dealing, respectively, with crystal structure, elas- 
ticity of crystals, and thermal agitation in crystals. 
All metals and alloys are crystalline, their consti- 
tuent atoms being arranged in a regular geometrical 
lattice configuration mainly of the body- or face- 
centred cubic and the hexagonal types. The loca- 
tion of the atoms in the lattice can be ascertained 
by X-ray analysis. In the ideal unstrained crystal, 
built up on the cell as the unit Of pattern, the 
lattice is complete and undistorted. Evidence 
indicates that real crystals normally consist of a 
mosaic of minute ideal crystals, the boundaries of 
which are marked by microfissures or other lattice 
irregularities. Stresses produce lattice distortion, 
its presence being revealed by X-rays, and when the 
elastic limit is surpassed, plastic deformation sets 
in along grain boundaries or over slip planes within 
the grains. This plastic strain can be relieved only 
through recrystallisation, brought about by an 
appropriate increase in temperature. 

The simplest specimens of which the plastic 
deformations can be studied are single crystals, and 
the plasticity of single crystals is fully discussed 
in the second part of the book. The geometrical 
investigation of plastic deformation in single crystals 
is followed by a description of the experimental 
methods for détermining the planes along which 
slip occurs, which depend on the direction of applica- 
tion of the stress in relation to the direction of the 
crystal axes. Sliding usually occurs along certain 
crystallographic planes and takes place in jerks. 
The effect of the introduction of stranger (alloy) 
elements, of variation of temperature and of the 
rate of imposition of the stress is considered, to- 
gether with the lattice modification and strain- 
hardening that accompany plastic deformation and 
lead to a lengthening and broadening of the Laue 
spots. Failure may occur by sliding in a ductile 
material in which the resistance to separation 
exceeds the resistance to slipping, or by separation 
in a brittle material where the reverse holds. 

An interesting survey is given of the attempts 
made to provide a theoretical interpretation of the 
phenomena of plastic deformation and rupture. 
Born made a start by calculating the force needed 
to separate the lattice atoms beyond their range of 
mutual attraction, and found the calculated cohesive 
force to be of the order of a thousand times that 
required to bring about rupture. Modifications of 
this theory have been based upon assumptions 
attributing various defects to real crystals or to 
thermal agitation of the atoms in the lattice. The 
authors outline a more comprehensive theory which 
offers interesting possibilities, though its implica- 
tions have not yet been explored fully. 

The third part, occupying half the whole book, is 
devoted to the more intricate problems presented 
by the plastic deformation of industrial alloys. If 
the minute constituent are oriented at 








random, a test specimen cut from such an aggregate 
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will be pseudo-isotropic. Attention is ‘confined 
mainly to such specimens, and the study of their 
mechanical behaviour under stress follows the 
general lines adopted in the previous part. So far 
as possible, the properties of the polycrystal are 
interpreted in terms of the properties of the mono. 
crystal, Application of a stretching force wil] 
cause some of the individual crystals to undergo 
plastic deformation while others experience only 
elastic deformation, so that a certain residual strain 
will persist after removal of the stress, and reactivity 
and hysteresis effects will be more pronounced, 
Consideration is given to current methods of testi 
which, though they provide a rough criterion of the 
quality of the specimen, do not lend themselves to 
precise quantitative interpretation. The alterations 
in crystal orientation brought about by wiredrawing 
and rolling are discussed and a chapter is devoted 
to fatigue testing. 

The thoroughness with which the literature has 
been scrutinised is evident from the ample biblio- 
graphy at the end of the book—in which, it may be 
noted, Professor Andrade’s initials are twice given 
incorrectly. The lucid presentation of the large 
mass of data is helped by a liberal use of graphs. 
Attention is directed to the many points demanding 
more detailed investigation, both experimental and 
theoretical, before a coherent interpretation of the 
mechanical properties of metals and alloys can be 
given. The only drawback to the book is its high 
price. 

Ser hanism Fund tal. By H. _ LAvERr, 
R. Lesnick and L. E. Matson. McGraw-Hill Book 
Company, Incorporated, 330, West 42nd-street, New 
York 18, U.S.A. [Price 3-50 dols.); and McGraw-Hill 
Publishing Company, Limited, Aldwych 
Aldwych, London, W.C.2. [Price 17s. 6d.) 

Muc# attention has been paid in recent years to 
the use of servomechanisms for the control of 
mechanical and electrical energy systems. This 
book has been written to provide a clear explanation 
of the characteristics of their operation without 
entering into the detail design of the component 
parts. These, as the authors explain, comprise an 
input member and an output member ; a differential 
error-detecting device which compares the instan- 
taneous positions of the input and output members 
of the system; a controller embodying a motor 
with amplifiers and a power source, and such gears 
and as are needed to connect it to the 
output member ; and, finally, damping or stabilising 
devices. 

The operation of various differential error- 
detecting devices is first described, and, since servo- 
mechanisms involve both mechanical and electrical 
engineering, is followed by a brief summary of 
certain relevant fundamental principles of mechanics 
and electricity. The mathematical analysis for 
determining the characteristics of servomechanisms 
with different damping or stabilising devices is 
explained in three chapters which deal successively 
with viscous damping, error-rate damping, and 
combined viscous and error-rate damping. The 
distinction between viscous and error-rate damping 
is clearly demonstrated by means of a mechanical 
pendulum analogy, and the reader who is conversant 
with the fundamentals of mechanical vibration 
should experience no difficulty in following the 
solution of the differential equations required for the 
mathematical treatment of the subject. 

Error-rate stabilisation networks are explained ; 
and the characteristics of servomechanisms with 
integral control, used in addition to the other two 
forms of damping to reduce the error of the system 
without appreciably raising the natural frequency, 
are dealt with in another chapter. An introduction 
is given to the alternative method of dealing with 
the operation characteristics of servomechanisms, 
namely, by the use of transfer function analysis 
based on the analogy existing between servo- 
mechanisms and feed-back connected amplifiers. 
The final chapter gives some typical calculations 
for the design of servomechanisms to satisfy specified 
requirements. The book, which is well written and 
illustrated with a large number of clear line dia- 
grams, can be recommended to those who seek to 
obtain a sound knowledge of the principles under- 
lying this i ingly important and somewhat 
specialised branch of engineering. 
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BRITTLE FRACTURE IN 
MILD-STEEL PLATES—I. 


(Continued from page 557.) 


WE continue below the report of the Conference 
on ‘‘ Brittle Fracture in Mild-Stee] Plates,” held at 
Cambridge on October 26, 1945, by reprinting the 
contribution of Dr. E. Orowan, of the Cavendish 
Laboratory, Cambridge. 

In introducing his paper, Dr. E. Orowan said: 
both the date and the subject of this Conference 
have a certain historical interest. This year is the 
60th anniversary of the publication of the first paper 
describing notched-bar tests, that of Tetmajer ; and 
the material used happened to be ship plate and 
boiler plate. Since 1885, notch brittleness has, 
incidentally, been rediscovered many times: in 
fact, it has probably been the most frequently dis- 
covered of all mechanical properties. Until recently 





it was also the most mysterious one ; to-day, how- 


Fig.8. 
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ever, its physical basis is well understood, and I 
venture to add that, in my opinion, brittle fracture 
is now far less mysterious than the common ductile 
fracture. 

Every material is potentially capable of brittle 
fracture. It seems that the condition of brittle 
fracture is that the tensile stress must reach a 
certain critical value, the so-called brittle strength 
or cleavage strength. Whether a material shows 
brittle or ductile fracture depends entirely on the 
relative magnitudes of the yield stress and of the 
brittle strength. A very ductile material, such as 
aluminium, never gives brittle fracture, because it 
yields plastically and finally fails with ductile frac- 
ture (which is an entirely different phenomenon) 
before the tensile stress can reach the value of the 
brittle strength. f 

The salient point, as far as notch brittleness is 
concerned, is that the tensile stress in a ductile 
material can, in certain circumstances, reach values 
exceeding the highest tensile stress that occurs in 
an ordinary tensile test. This happens, for example, 
if the specimen contains a notch or a crack ; around 
either of these a triaxial state of tension arises, and 
then the maximum tension at yielding can reach 
higher values than in uniaxial stressing. Some 
materials show complete ductility in the ordinary 
tensile test, because the highest tension here does 
not reach the value of the brittle strength, but fail 
with a brittle fracture if a notch ora crack is present, 





because then the triaxial state of stress can raise 
the maximum tension to the value of the brittle 
strength. F 

This is the basic idea of Ludwik’s theory of notch 
brittleness, which originated about 22 years ago. 
Until recently, there was a very important point 
which seemed not to fit into Ludwik’s theory, 
namely, the fact that only a very few materials 
show notch brittleness. It was assumed that an 
ideally sharp and deep crack would produce a triaxial 
tension with equal principal tensions; very high 
tensions could then arise during plastic yielding, and 
the stress could reach any particular value of the 
brittle strength. Why is it, then, that only a few 
materials show ductility in the tensile test and at the 
same time notch brittleness ? 

I think this can be explained by means of a quan- 
titative consideration used in work which Mr. W. J. 
Cairns, Mr. J. F. Nye and I did on behalf of the Arma- 
ment Research Department in 1944. By using anold 
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theoretical result of Hencky’s, we could show that, 
in a ductile tensile specimen with a circumferential 
notch, the highest tension cannot exceed more than 
3-3 times the ordinary yield stress, however sharp 
and deep the notch is, provided that the material 
is what is called ideally plastic. If it is not, the 
factor may be, perhaps, 2 or 4, instead of 3-3. If 
we are allowed to generalise by saying that the 
factor would be more or less the same for any type 
of notch, we have a rough general rule c!assifying 
the behaviour of materials as follows. 

If the brittle strength is less than the yield stress 
at the beginning of plastic deformation, the material 
is completely brittle in tension and plastic deforma- 
tion cannot arise. If the brittle strength is greater 
than the highest value which the uniaxial yield 
stress attains, owing to strain hardening, in the 
usual tensile test, but less than about three times 
this value, the material is ductile but notch-brittle. 
Finally, if the brittle strength is greater than about 
three times the highest possible yield stress, the 
material is ductile and never shows notch brittleness. 
If the yield stress is denoted by Y, the strength for 
brittle fracture by B (both Y and B depend on the 
plastic strain), and the initial value of Y (for the 
strain 0) by Y,, we have the following table : 

The material is brittle if B < Yo; 

The material is ductile but notch-brittle if Yy < B 

< 3Y; 

The material is not notch-brittle if 3Y < B. 
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Whether the material is notch-brittle or not 
depends on the very small margin between B and 
3Y. If, for example, 3Y is 95 and the brittle 
strength 100, the material does not show notch 
brittleness ; however, if (in this case) the brittle 
strength decreases by only 6 per cent., the material 
becomes notch brittle. This is the reason why the 
results of Izod tests and similar investigations seem 
to be so erratic, and why notch brittleness is so 
sensitive to slight variations of composition, previous 
treatment, and temperature. If we plot B and 3Y 
as functions of temperature T, we see that above a 
critical temperature T, the material is always 
ductile, and below T, it shows notch brittleness ; 
the transition occurs sharply at the temperature 
at which the curves B and 3Y intersect. If the 
angle between the curves B and 3Y is very small, a 
slight change of yield stress or brittle strength may 
produce or remove notch brittleness in a tempera- 
ture interval around T,. 

Experience seems to agree well with the idea that 
carbon steel is rather an exceptional substance, 
because 3Y and B are so close. A conclusion to be 
drawn from this is very obvious. Since the yield 
stress of metals, as is well known, rises to 2 to 4 
times its room temperature value as the temperature 
decreases to that of liquid air, the condition of 
brittleness at liquid-air temperature is more or less- 
the same as the condition of notch brittleness at- 
room temperature. If a material is notch brittle: 
at room temperature, it will be, in general, com- 
pletely brittle at low temperature, and vice versa. 
This, in fact, is the case with carbon steel, which, 
unlike most metals, becomes brittle at low tem- 
peratures. 

There are two more possible causes of a rise of 
the tensile stress in a ductile material beyond the 
maximum value occurring in the ordinary tensile 
test. Such a rise may be due either to the high 
velocity of crack propagation, or to a phenomenon 
which I have called elastic super-stressing, and 
which, it seems, can be explained on the basis of a 
theorem discovered by Sir Lawrence Bragg about 
three years ago. 

What are the conclusions from these facts as to 
the best method of investigating problems of notch 
brittleness ? Since the occurrence of notch brittle- 
ness depends on the relative magnitude of yield 
stress and brittle strength, it is these two properties 
that must be in ted. The yield stress is easily 
obtained by the usual tests. The brittle strength is 
a much more elusive quantity, but I think that it 
could be conveniently measured in the case of notch- 
brittle materials by means of tensile tests at very 
low temperatures. For physical reasons, the brittle 
strength should not change too rapidly with the 
temperature, and extrapolation to room tempera- 
ture should be easy. This seems to me to be the 
most promising path. Notched-bar tests are very 
valuable for technological purposes, but I do not 
think that they are very suitable for a fundamental 
investigation of the problem, because the stress 
distribution in a notched specimen is so complex 
that the actual local values of the stress cannot be 
obtained. 


FRACTURE AND NotcH-BrirrLENEss IN DucTiLz 
MeEtaLs. 

Professor J. F. Baker has given detailed evidence* 
” show that cracks in welded ships cannot be 
as a consequence of the welding process, 
or of the structure of the ship and its loading 
characteristics alone; the primary cause of failure 
is a peculiar property of carbon steels called notch 
brittleness. In the narrower sense of the word, 
notch brittleness means that the material may break 
with a brittle fracture if it contains a notch, or a 
crack, while showing a high degree of ductility in 
the usual tensile test. Notch brittleness, physically 
speaking, is not an occasional defect but an inherent 
property of carbon steels; at slightly elevated 
temperatures only very few steels, and at low 
temperatures all steels, are notch brittle. By saying 
that a certain steel is notch brittle, it is meant that 
the temperature zone in which the transition from 
tough to notch-brittle behaviour takes place is at 
least partly above those temperatures at which the 
steel is used. In this contribution, I shall attempt 








* See page 532, ante. 
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to correlate the phenomena of notch brittleness 
with some general ideas on fracture and to see 
whether it is possible to recognise those plastic and 
strength properties of a material which make it 
notch brittle. The difference between the following 
considerations and those which Professor N. F. 
Mott is contributing to this Conference is that he 
looks at the problem from a more fundamental 
atomic, ‘‘ microscopic,” point of view, while I shall 
confine the discussion to technological, ‘‘ macro- 
scopic,” conceptions which are in common use by 


engineers. 

The usual ideas on fracture in ductile metals have 
been dominated, so far, by a principle put forward 
by Ludwik some 40 years ago. He assumed that 
fracture occurs when the greatest tensile principal 
stress reaches a critical value which is called the 
strength. Ifthe material underwent plastic deforma- 
tion, the value of the strength might change ; 
nevertheless, at any stage of plastic distortion 
there would be a critical tensile stress at which 
fracture would take place. In uniaxial tension, the 
strength could be represented graphically as a 
function of the plastic strain, and in the same 
diagram the yield stress can be plotted as the 
familiar “stress-strain” curve (Fig. 8, page 581). 
If, at a given strain, the yield stress were lower 
than the strength, the specimen would extend 
rather than break; otherwise it would break 
without further extension. It the curves are 
situated as in Fig. 8, the specimen would extend up 
to the point where the two curves intersect, and 
then would break. 

This picture seems to be very simple and obvious ; 
yet a closer consideration shows that it disagrees 
with fundamental characteristics of ductile fracture. 
In brittle fracture, the crack propagates by cleavage, 
often along crystallographic planes ; once started, 
it runs suddenly across the specimen and leaves the 
material adjacent to the crack substantially un- 
altered. In ductile fracture, however, the material 
at the bottom of the crack undergoes substantial 
plastic deformation before breaking, and this cannot 
take place unless the crack opens up quite con- 
siderably in the course of its propagation (Fig. 9). 
Tensile specimens sectioned before completion of 
the fracture show that the crack sometimes widens 
as much as 1 mm. in standard tensile specimens of 
ductile metals. This involves substantial plastic 
deformation in the cross section that contains the 
crack ; fracture cannot occur unless the extension 
of the specimen is continued after the crack has 
started, and the propagation of the crack can be 
arrested conveniently at any stage by stopping the 
testing machine, provided that this is of a suitable 
design. Consequently, the initiation of the crack 
is not a sufficient condition of fracture, as it is in 
the case of brittleness. A microscopically small 
crack may arise, or it may even be present from 
the beginning, but it cannot lead to ductile fracture 
unless sufficient plastic yielding takes place around 
it. The occurrence of plastic yielding, however, is 
not determined by the value of the greatest tensile 
stress; a hydrostatic stress (pressure or tension) 
has practically no influence on it, and it is a critifal 
value of the greatest shear stress that must be 
reached if plastic deformation is to take place.* 
Thus, even though the starting of a crack might 
be subject to a maximum tensile stress condition, 
ductile fracture cannot occur unless, in addition, 
the condition of plastic yielding in the cross section 
containing the crack is satisfied. We cannot, 
therefore, speak of a “ strength ” in ductile fracture, 
because the occurrence of this type of failure is not 
determined by a maximum tensile stress condition 
alone 


The fundamental difference between the ductile 
and the brittle type of fracture has been appre- 
ciated by physicists since it became clear that 
Griffith’s theory of fracture can be applied to the 
brittle type only. On the engineering side, it was 
Davidenkov who emphasised the difference; he 
considered the existence of two distinct values of 
strength, one applying to ductile, and the other to 
brittle fracture. In continuation of his work, 





* For the present purposes, there is practically no 
difference between the maximum shear stress condition 
and the (usually more accurate) Huber-Mises shear strain 
energy condition. 


Fridman suggested that ductile fracture obeys a 
critical shear stress criterion, For axially sym- 
metrical extension, the shear stress at which yielding 
proceeds is completely determined by the extension 
and vice versa ; so in this case Fridman’s criterion 
is equivalent to a maximum tensile strain criterion. 
If it were correct, ductile fracture in axially sym- 
metrical extension would always occur after a 
definite value of the elongation. That this is not 
so is shown by the fact that fracture in mild steel 
or copper tensile specimens begins in the middle of 
the neck (where the strain is axially symmetrical) 
at a two- to four-fold true elongation, while the 
same materials can easily be extended fifty- or a 
hundred-fold by rolling or drawing. In the latter 
case, as well as in simple compression, they must 
be able to withstand shear stresses far above those 
at which fracture begins in the tensile test with 
unworked material. So Fridman’s shear stress 
condition cannot be regarded as correct ; never- 
theless, it was an advance on Ludwik’s and on 
Davidenkov’s tensile stress criteria, because it 
implied, in a rough way, that plastic yielding is a 
necessary condition of ductile fracture. As was 
mentioned above, the complete condition is not 
known at present ; it is not unlikely that the shape 
of the body and the distribution of the stresses and 
strains in it have an influence upon ductile fracture, 
and if this is so, the criterion of fracture cannot be 
stated in terms of stress and strain alone. 

It must be remarked that “ductile fracture ” 
and “shear fracture” are not merely different 
names for the same . There are two different 
types of ductile fracture : the fibrous fracture which 
forms the bottom of the cup-and-cone fracture, and 
the shear fracture which gives the sides of the cup. 
The fracture of round ductile tensile specimens 
usually starts near the axis of the neck as a fibrous 
normal fracture which later goes over into the 
shear fracture. The fracture condition for the 
specimen, therefore, coincides with that for the 
fibrous normal fracture ; all considerations about 
ductile fracture in this paper refer primarily to this 
type. Shear fracture occurs in its pure form in 
torsion or shear tests, and often in tensile tests 
also, particularly with sheets. It would be inter- 
esting to know whether experience confirms Frid- 
man’s maximum shear stress condition for the pure 
shear fracture. 

The fact that ductile fracture does not obey a 
tensile stress criterion is illustrated by experiments 
made by Mr. W. J. Cairns, Mr. J. F. Nye and myself. 
We determined the breaking loads for specimens of 
the type shown in Fig. 10, page 581. These consist 
of a thin disc of a soft metal, welded in sandwich 
fashion between the butt ends of two rods of a 
harder metal. If such a compound specimen is 
put under axial tension, transversal plastic con- 
traction in the soft disc is prevented by its being 
welded to the rigid rods above and below. Sinee the 
volume remains approximately constant in plastic 
deformation, this means that axial plastic extension 
is also inhibited. The phenomenon can also be 
considered from another point of view, namely, 
that of the stresses acting in the disc. The absence 
of plastic yielding in spite of the axial tension means 
that a transversal tension must be acting which 
forms a hydrostatic tension with an equal part of 
the axial tension, and thus makes this part ineffec- 
tive for plastic yielding. 

Since ductile fracture cannot take place without 
a certain amount of yielding, the constraint exerted 
by the hard rods upon the soft disc should prevent 
not only yielding but also ductile fracture, and thus 
should raise the breaking stress above the value 
observed with ordinary tensile specimens made of 
the material of the soft disc. This has, in fact, 
been found in the case of specimens consisting of 
pure tin sandwiched between rods of copper or iron. 
Such specimens could withstand tensile stresses 
about three times higher than the “ true strength ” 
of the tin, and 5-5 times higher than its “ ultimate 
stress.” Fracture never occurred in the tin, but 
always in the boundary layer between it and the 
hard (copper or iron) rods ; consequently, the frac- 
ture stresses observed were only lower limits for the 
fracture stress of the tin itself. 

On the basis of Ludwik’s views, these results 





would have to be interpreted by assuming that the 





cohesion rises to very high values at small plastic 
strains ; there is, however, no physical reason for 
such an assumption. The natural interpretation js 
that ductile fracture occurs not ‘by overcoming the 
cohesion directly, but by plastic yielding, perhaps 
to some critical value of the strain at the bottom of 
the propagating crack. It is a process more like 
the opening of a zip fastener due to the movement 
of its slider than to tearing it apart by a direct force, 
In view of considerations which will follow later 
about the condition of notch brittleness, it is interest- 
ing to note that these experiments show, at the same 
time, that the brittle strength of tin exceeds its 
highest observed yield stress more than three times, 
According to the condition of notch brittleness to be 
developed further below, this would mean that tin 
cannot show notch brittleness under normal condi- 
tions. This agrees with observations. 

Another, although less effective, means of pro. 
ducing a triaxial tension and so of raising the highest 
tensile stress that can exist in a ductile material of 
given yield stress is to provide a tensile specimen 
with a circumferential notch (Fig. 1, page 581). 
Here, instead of using a softer material, we make a 
thin co-axial disc within the specimen weaker than the 
rest by giving it a smaller cross-section. As in the 
sandwich specimen, the intrinsically weaker notched 
cross-section cannot undergo plastic deformation 
at the tensile stress that would cause yielding in an 
unnotched rod, because it is constrained between 
the stronger bulks of material above and below. 
It was Kirkaldy who discovered that a notched 
cross-section can withstand a greater load than a 
uniform specimen of equal cross-sectional area if 
the material is ductile. Since the conventional 
maximum load stress (ultimate strength) is not a 
strength (that is, not a resistance to fracture) but 
can be calculated from the yield stress-strain curve, 
this simply means that the axial tension at yielding 
has been raised by the application of the notch. 
Kuntze attempted to make use of the triaxial tension 
in such notched tensile specimens for determining 
what he called the “cohesive strength” of the 
material; in our present nomenclature, this would 
be simply the strength in the Ludwik sense in its 
dependence upon the plastic strain. (Kuntze’s work 
was based on the original views of Ludwik; the 
fundamental difference between ductile and brittle 
fracture was not taken into account.) 

However, McAdam showed that Kuntze’s method 
led to contradictions: quite different values for 
the “‘ cohesive strength ” could be obtained accord- 
ing to whether a given strain at fracture was im- 
parted entirely during the notched-bar tensile test, 
or partly before the test. In the second case, the 
material would be cold-worked before the specimen 
was machined, and then the specimen provided with 
a notch so sharp that fracture occurred after a com- 
paratively small additional strain. McAdam sug- 
gested, therefore, that the “cohesive strength ” 
must depend not only on the plastic strain, but also 
on the two transversal components of the stress. 
This assumption led to further complications, with- 
out providing a satisfactory explanation for the 
phenomena observed. A natural explanation, how- 
ever, can be obtained by taking into account that the 
occurrence of yielding is one of the necessary con- 
ditions of ductile fracture. Since the axial tension 
at yielding depends on the transversal tensions, the 
tension at fracture must also depend on these. It 
was this effect that led to the impression that the 
eqhesion was influenced strongly by the transversal 
components of stress. 

We now leave the problems of ductile fracture and 
consider brittle fracture. This can occur, as the 
phenomena of notch brittleness shows, not only in 
brittle but also in ductile materials ; it is charac- 
terised by a crystalline appearance of the surfaces 
of fracture in the case of metals, and by the very 
small amount of work absorbed. The brittle type 
of fracture can occur with great suddenness ; Pro- 
fessor Mott has shown that the velocity of crack 
propagation in brittle fracture under tension is 
probably not far from that of sound in the material. 
In this type of fracture, plastic deformation is 
absent or very small, and the crack need not open 
up considerably in order to propagate; conse- 
quently, the objections raised in the discussion of 
ductile fracture against Ludwik’s assumption of a 





criti 
in fe 
tion 
the 


edae ¢ 





DEC. 19, 1947. 


ENGINEERING. 


583 








critical tensile stress do not apply here. There is, 
in fact, some experimental and theoretical justifica- 
tion for the assumption that fracture occurs when 
the greatest tensile stress reaches a critical value 
(Sohncke’s law for the cleavage fracture of crystals). 
We can, therefore, speak of a “‘ brittle strength ” or 
‘* cleavage strength ” and base further considerations 
on Fig. 8; in which the strength-strain curve now 
refers exclusively to the brittle type of fracture. 
Whether the brittle strength rises or falls with 
increasing plastic deformation cannot be said with 
certainty. It is often assumed to rise because the 
propagation of a crack becomes more difficult as the 
cleavage planes become warped and subdivided by 
glide and twin planes. On the other hand, twinning 
and kinking produce planes of weakness (the twin 
and kink planes), and plastic deformation gives rise 
to high local stresses ; these may lead to a decrease 
of the strength, particularly at later stages of the 
deformation. 

Let the axial tensile stress be plotted as a function 
of the plastic strain, at that point of an ordinary 
tensile specimen where the tension is highest. 
(Fig. 13, page 581, curve S). Before necking occurs, 
all points within the gauge length have equal stress ; 
after necking, the point in question is the centre of 
the neck. If the brittie strength-plastic strain curve 
A, in Fig. 12, is entirely above the plastic stress-strain 
curve §, the material shows ductile fracture in the 
ordinary tensile test. If the two curves intersect 
(curve B), brittle fracture occurs, preceded by 
plastic deformation, which decreases as the strength 
curve becomes lower with respect to the stress-strain 
curve 8. The strength curve C would represent the 
behaviour of a material that is completely brittle 
in the ordinary tensile test. How can we, however, 
explain the behaviour of notch-brittle steels which 
are capable of large plastic extension followed by 
ductile fracture in the tensile test, yet can fracture 
with practically no deformation in the notch-impact 
test or as part of a welded structure ? 

(To be continued.) 





THE INTRODUCTION OF THE 
“CORONATION SCOT’’ ON THE 
L.M.S. RAILWAY.* 

By R. A. Rrppves, C.B.E., M.I.Mech.E. 


In 1930-31, trade depression and road-transport 
competition were seriously affecting railway revenues, 
and numerous schemes were being studied to retain 
existing rail traffic and to attract more. On the 
L.M.S. Railway, a salient feature of the programme 
was to be the provision of more, faster, and more 
attractive trains. Could we, for instance, as a com- 
mercial] proposition, run from Euston to Glasgow, more 
than 400 miles, without an intermediate stop ? 

Prior to 1933 we had no locomotive that could do 
this journey as a regular performance, but Mr. (now 
Sir) William Stanier, who was then the Chief Mechanical 
Engineer, faced the task of designing one, and the 
outcome was “The Princess Royal,” a 4-6-2, or 
** Pacific,” type of locomotive, with four cylinders, 
250 Ib. per square inch working pressure, and a tractive 
effort of 40,300 lb. This locomotive and two sister 
engines were built in 1933, at Crewe. A carefully- 
planned series of build-up tests was carried out on 
various routes with different loads, and in due course a 
special time-table was drawn up for a run from Euston 
to Glasgow, 4014 miles, in six hours. This required 
much detailed organising, both from the point of view 


of traffic (the timings of some 200 other trains having | speed 


to be adjusted for the down journey alone), and in the 
preparation of the engine, No. 6201, 
“* Princess Elizabeth.” Careful calculation was made 
of the best possible train-loading consistent with the 
high average speed demanded, and, as I was to ride 
on the footplate, I had a continuous diagram made, 
on two small rollers, covering the whole journey. This 
diagram showed gradients, speed restrictions (of which 
there were 50 and all of which had to be observed 
absolutely), and a theoretical curve of the speeds which 
would be needed to maintain the six hours’ schedule. 
The run being made on Monday, November 16, 1936, 
ae us Sunday for the preparation of the locomotive. 
n the morning at Willesden Shed I watched the coaling- 
up with nine tons of hand-picked coal. No. 6201 was 
fitted with a speedometer specially for the occasion. 
At 9.50 a.m. on the morning of the trial, we were given 


which was 





* Presidential address to the Junior Institution of 
Engineers, delivered in London on December 12, 1947. 
Abridged. 


the “right-away” from Euston. Here are some 
extracts from the official record of the run :— 

Load : 7 vehicles, 225 tons tare. 

Euston-Glasgow: 401-4 miles in 353 minutes 
38 seconds, non-stop; average s' , 68-1 m.p.h. 

Maximum speed : 95-7 m.p.h. ; 83 m.p.h. sustained 
for 12 miles on practically level track. 

Record ascent from Carnforth to Shap Summit: 
31-4 miles to an altitude of 916 ft. at average speed of 
70-5 m.p.h. 

Minimum speed on | in 75 gradient of Shap Fell : 
57-5 mph. 

Ten miles ascent en ~— Incline in 9} minutes, 
minimum speed 56 

Our arrival at Ghana 64 minutes early was a great 
thrill, and my satisfaction was enhanced when the 
inspector went round the engine and pronounced every- 
thing to be in order and cool. The special train carried 
officials and Press representatives, who were very 
enthusiastic over their day’s experience. Unfor- 
tunately, it was reported at 8 p.m. that a fitter had 
discovered that all the bearing metal was out of the 
left-hand cross-head slide block; yet, as a = ese of 
all night work by a large crew, the engine was 
ready for use by 5.30a.m. We left Glasgow for Lomion 
at 1.15 p.m. and, just an hour later, swept over Beattock 
Summit at 66 m.p.h. Despite bad weather, we reached 
Euston in 16 minutes inside the six hours, an average 
speed throughout of exactly 70 m.p.h., having covered, 
in the two days’ runs, an aggregate distance of over 
800 miles at a mean speed of 69 m.p.h, a world’s 
record for steam traction. 

Before we embarked on the second phase of our 
plan, what had we learnt ? Mainly that many things 
were possible, but that they could be made much easier. 
Those 50 speed restrictions: what did they cost in 
time and coal? This was found to be considerable. 
Before this time, most curves were laid in as circular 
curves, with half the required cant being developed 
on the straight, and an undesirable roll was probable. 
With modern methods, a proper transition curve was 
introduced i in which the radius is attained in “ straight 
line” progression. As the true radius of the curve is 
reached, so is the cant applied at the same rate, and 
therefore with a modern curve, entered at designed 
speed, no excessive thrust outwards or inwards takes 
place. The engineers were faced with the problem of 
redesigning these curves, originally intended for speeds 
of 60 to 75 m.p.h., to enable speeds of 75 to 90 m.p.h. 
toberun. They had six months in which to do it, but, 
with the aid of the expert L.M.S. research team who 
operate the Hallade track recorder, they did the 
job. The various works involved included junctions 
entirely redesigned, station platforms cut back to permit 
curves to be trued to better alignment, removal of 
restrictions of load-gauge in tunnels, subsidences under 
the line, and training draughtsmen in curve design. 

Serious mining subsidence was always taking place 
at Polesworth. The line affected was 1} miles Gee. 
and was restricted to a speed of 45 m.p.h. The track 
ran through what was virtually a lake and had been 
lifted from time to time on ashes to such an extent 
that the tops of the telegraph poles were at the level 
of the track. The railway company bought the coal 
seams affecting the track and the subsidence of the 
last mining operation in these seams was due to cease 
in June, 1937. The work of ballasting the track and 
adjusting the curve was put in hand; 10,000 tons of 
ballast were required. In three months the speed 
restriction was raised from 45 m.p.h. to 80 m.p.h. 

Of the many junctions which were dealt with, 
perhaps the one at Stafford was the most notable. 
Here the Birmingham lines join the main lines with a 
speed restriction of 30 m.p.h. in all directions. An 
entirely new lay-out was designed, incorporating a 
new type of junction called the ‘two-level’ type. 
The versines throughout were carefully controlled to 
match the cant possible and a total of 1,820 yards of 
points and crossings gave a new junction where the 
restriction to Birmingham was still 30 m.p.h., 
but on the main lines was increased to 55 m.p.h. 

The fact that speeds of 90 m.p.h. were being intro- 
duced would automatically have brought into being a 
further crop of speed restrictions, and a good deal of 
energy and careful thought was necessary to avoid 
this. Twenty-four restrictions coming under this 
category were entirely avoided, and, in addition, ten 
of the worst existing restrictions were materially eased 
and six others entirely removed. 

Nothing less than a new luxury train could be used 
for the proposed “‘ Coronation Scot’ service, so, in 
1937, a new train was built, the locomotive and the 
carriages being painted blue with silver lines or bands. 
The engine, a new 4-6-2, was streamlined. As we 
now had all the potentialities, an attempt was made 
to see what could be done. On June 29, 1937, at 
9.50 a.m., we set out from Euston with the new 
‘Coronation Scot” train on its Press demonstration 


run. Again I was fortunate to be on the footplate, 


down the 





and, with my diagrams laying 
speeds 


, all was set to make an attempt on world’s 





maximum speed record at Whitmore, where, after a 
short rise, we entered on a fallirg gradient down to 
Crewe, 10} miles away. We had decided not to pick 
up water from the troughs at Whitmore and so to avoid 
reducing speed. The exhaust was humming with a 
continuous roar like that of an aeroplane engine. The 
white mile-posts flashed past and the meter 
needle shot up through the ‘‘ 90’s”’ into the “‘ 100’s,” 
to 110-111- 11D- 113-114 m.p.h., but beyond it—No! 

Basford Hall sidings, 14 miles away now, spectators 
from Crewe coming into view on the lineside, and the 
train still hurtling at 114 m.p.h. On went the brake ; 
off the regulator; but on we sailed, with flames 
streaming from the tortured brake-blocks. The signal 
for Platform No. 3 at Crewe, which has a reverse curve 
and a 20-m.p.h. speed restriction, came in sight. We 
were doing 60 to 70 miles per hour when we spotted the 
platform signal. The crockery in the dining car 
crashed. « Down to 52 m.p.h. through the curve; there 
was nothing we could do but hold on and let her take it. 
Take it she did; past a sea of pallid faces on the plat- 
form, we ground to a dead stand, safe and sound, and 
still on the rails. We had set up.a new world’s speed 
record for the steam locomotive. On ourreturn journey 
we touched a moderate 100 m.p.h. at one point, but the 
overall time for the 158 miles was 119 minutes, a shade 
under an ave! of 80 m.p.h. The “‘Coronation Scot” 
train shortly rwards went into regular service. 

Other exciting experiences with the ‘‘ Coronation 
Scot” were encountered in America. In response to 
the great interest which the Americans had shown in 
British railway operation, it was decided in 1938 to 
send a complete locomotive and train over to tour as 
much of the country as possible and to be exhibited 
at the World’s Fair. For this B uae @ new train 
was built to the most modern and luxurious standards. 
We loaded the train at Southampton and it arrived 
in February at Baltimore, where unloading took place 
in temperatures which varied from 74 deg. F. one day 
to 26 deg. the next. Ice formed on everything, and 
the first major problem arose almost immediately, 
when the driver contracted pneumonia. I decided to 
do the firing and let the fireman do the driving. Our 
first day out with a trial run to Washington for Press 

started at 6 a.m. and finished at 10.30 p.m. 
Unfortunately, British and American locomotives are 
designed to burn widely different types of coal, and 
that provided at Baltimore was, by our standards, little 
more than slack. We had to refill the tender at 
Washington, and I compute that on that one day we 
burned 11 or 12 tons. 

Touring under these conditions, even minor mechani- 
cal troubles were each a major headache. The first 
trouble was a broken spring bolt. This was made of 
manganese-molybdenum steel, and there was nothing 
like it available locally ; so we chose a valve-spindle 
forging of similar tensile strength, and turned it down 
to make a bolt. At Harrisburgh our brick arch, of a 
new design, to come adrift, and as we had-the 
Allegheny Mountains ahead of us we had put in one 
of the two spare arches which we carried. The work 
was so badly done that a third arch was n 
St. Louis looked to be a big centre where labour re. 
be available, so I ordered the third arch to be ready 
there. A boilermaker and his coloured mate met us 
and offered themselves as the only ones available to 
do the job. Meanwhile, three of the front rows of 
bricks of the arch already fitted were found on our 
arrival at St. Louis to have fallen into the firebox, 
forming a fused mass. Although by this time it was 
1 a.m. and we had to be away by 9 p.m. the same 
day, I had to insist on breaking-up the fallen arch and 
getting it out through the drop-grate—no easy task 
with bricks which were white-hot and too large indi- 
vidually to be dropped through the small opening 
without being broken down. The job was done by 
4.30 a.m. To allow the engine to cool down, we waited 
until 2 p.m., but there was still a pressure of some 
50 Ib. of steam in the boiler. The boilermaker’s mate 
would not go into the firebox, and there was only the 
boilermaker, our own mechanic and myself to see 
the whole job through—three hours of heaving lumps 
of firebrick, some weighing 25 lb. and others up to 
80 Ib. (the whole arch weighs 17 cwt.) inside a firebox 
under 50 lb. pressure of steam. We finished by 5 p.m., 
and an hour or so later the fire was in again and all 
going well. By 9 p.m. I was driving the train away. 

Another interesting mechanical sidelight of the tour 
arose from complaints of a mysterious banging of the 
sleeping-car as it went along. We failed at first exami- 
nation to discover what was wrong, and it was only 
when the federal inspector who was riding the train 
said that the car would have to come out, that we 
discovered the body had settled down too far on the 
springs -: the result of buffeting by rough weather 

When 


the Atlantic crossing. this was put 
caus eg ay the springs in a matter of less than 
15 minutes, the amazement of the American fitters 


was enough compensation for the trouble, for under 


ted | their vehicles they have solid spring links, incapable of 


adjustment. 
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THE USE OF SMALL HOLES FOR 
WORK ON GAS SERVICES. 


An unavoidable concomitant of the practice of 
laying gas and other mains under the streets of cities 
and towns is that it is necessary periodically to break 
up the road surfaces in order to carry out maintenance 
and repairs. This operation not only frequently leads 
to disturbances to the traffic while the work is being 
done and until reinstatement has been completed. 
but necessitates heavy labour charges, especially at the 
present time. A method of excavation, which has 
been widely adopted by a number of American under- 
takings, and is also being employed in Liverpool by 
Mr. Frederick Bell, the distributing engineer of the 
gas company in that city, is, therefore, of interest. 
The method consists in the employment of a small 
number of special tools to make an excavation not 
exceeding 1 ft. square and cutting off the service 
connection between the main and the consumer’s 
premises by working from the street surface. It is 
claimed that by thus limiting the size of the excavation, 
the cost of opening up and making good is reduced. 
Back filling can also be done so effectively that the 
surface is ready for immediate reinstatement; and 
there is no risk to traffic from subsequent settlement or 
delays in repaving. It has been found, too, that the 
use of special tools and a different technique makes 
the work more interesting. 

To enable a small opening of this kind to be utilised 
most effectively the exact position of the main and 
services must first be ascertained. In Liverpcol 
this is done by using the latest type of Cintel locator. 
This has proved extremely accurate, although the 
readings obtained may be influenced by the presence 
of underground cables or tram lines in the vicinity. 
The precise location of the point at which the service 

ipe is connected to the main having been determined 
, this instrument, in conjunction with the records, 
the site for the opening and the directions cf the 
runs are marked on the surface of the roadway, as 
shown in Fig. 1. The hole is then cut out by a 
pneumatic concrete breaker or other similar equip- 
ment; and the soil is removed by @ post-hole digger 
after it has first been loosened by a wide chisel-ended 
bar. "These two tools can be seen laid out on the left of 
the group in Fig. 1, while the method of operating the 
digger is illustrated in Fig. 2. It is stated that the 
removal of the soil from such a smal] hole, although 
it may appear difficult at first sight, can actually be 
carried out quickly and satisfactorily after the men 
have been given a short period of training. 

When the earth has nm removed down to the 
level of the main and the main and the service pipe 
have been freed from soil, the service pipe is cut 
through at a point clear of the coupling on the bend 
by the long-handled hack saw, which can also be seen 
in Fig. 1. The bend is then rotated about one-eighth of 
a turn by the fork tool, which is visible next to the 
hack saw in the same illustration, and a ball of clay 
is inserted intc its end to prevent the escape of gas. 
The bend is then unscrewed from the main by the 
fork-end tool, which is shown in use in Fig. 3. While 
this operation is in progress, a second man stands 
ready to insert a plug, which is carried in the long 
plug holder visible on the extreme right of Fig. 1. 
It is stated that the plug can be inserted within a 
few seconds of the removal of the bend and made 
hand-tight with the holder. The latter is then 
detached and the plug tightened up by a socket 
wrench to which an appropriate adaptor has been 
fitted. If the bend has perished and stripped, it can 
be removed easily, a simple routine having been devised 
for this purpose. The plug having been screwed home, 
the joint is tested for gas tightness by running a small 
quantity of water into the hole. Finally, the hole is 
back-filled, rammed and the surface made good. 

Mr. Bell informs us that no difficulties have been 
experienced in the applications of the method in 
Liverpool, where, indeed, it has proved most useful in 
dealing with the considerable amount of demolition 
work which has been necessitated by bomb damage. 
The time taken to complete the entire operatic n for a 
normal cut-off is only about one hour, even when 
concrete has to be cut away. This is less than half 
the time required when the methods previously em- 
ployed are used. Although it is rather more difficult, 
the renewal of services can be effected through a hole 
of the same size. In fact, in America about 60 per cent. 
or 70 per cent. of this work is carried out in this way, 
either by using the new service pipe to push out the 
old one, after the latter has been cut off or turned up 
in the 1-ft. hole, or by threading a copper pipe through 
the defective steel service. In Chicago, this method of 
excavation is also employed for fitting leakage clamps 
to lead-jointed mains up to 12 in. in diameter. For 
this purpose the leakage clamps or split sleeves with 
their compression joints are made in two parts, which 
are bolted together from the surface of the roadway 
after the necessary clearing of the mains has been 
effected from the same position. 
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STAINLESS-STEEL RAILWAY COACH. 


THE Pressed Steel Company, Limited, Cowley, 
Oxford, recently took delivery of a stainless-steel 
railway coach, called the “ Silver Princess,” which 
was a from the United States on October 9, 
by the builders, the Budd Company, 2535, Hunting 
Park-avenue, Philadelphia, 32, a firm with which the 

Steel Company have technical associations. As 
will be seen from the photographs which have been 
reproduced in Figs. 1 and 2, opposite, the design of the 
coach represents a departure from conventional British 
practice, although the “ monocoque ” construction is 
generally similar to that of the 672 stainless-steel 
coaches which have been built by the Budd Company 
since 1934. The “ Silver Princess’ is regarded as a 
prototype which will enable the Pressed Steel Company 
to build others at their new factory at Linwood, near 
Glasgow, for export, and also, it is hoped, for use on 
the home railways. 

The coach has been designed to suit the British 
loading-gauge. It is 63 ft. 6 in. long over the head- 
stocks, 8 ft. 11 in. wide over the corrugations on the 
sides, and 12 ft. 8} in. in height from rail level to the 
top of the ventilators. The bogie wheelbase is 9 ft., 
and the distance between the centre-lines of the bogies 
is 46 ft.6 in. The coach weighs 29 tons 5 ewt. in the 
ready-to-run condition, which includes 5 tons 12 cwt. 
for each bogie. As the total seating accommodation is 
48, the weight per nger is 1,360 lb., which com- 
pares favourably with about 1,590 lb. for a conventional 
coach weighing approximately 34 tons. The Pressed 





Steel Company further claim that, although 30 of 
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the seats are third class, the standard of accommodation 
is at least equal to that in existing first-class coaches. 
Certain fittings, such as the vacuum brake, alternative 
screw-type or hinged Buckeye centre-couplers, buffers, 
and bogies, are to one or other of the standard British 
railway designs; and it is felt that an even greater 
reduction in weight, to about 27 tons, will be possible 
when the Pressed Steel Company can introduce improve- 
ments based on experience with the prototype coach. 
This applies particularly to the bogies. 

As is well known, the whole body of a monocoque- 
type coach is designed to resist the stresses as a box, 
and there is no independent underframe. Furthermore, 
the strength-weight ratio is increased by using stainless 
steel with an ultimate tensile strength of about 67 tons 

T square inch, compared with 34 tons per square inch 

or structural alloy steel, or 29 tons per square inch for 

mild steel. Experience with stainless-steel monocoque 
coaches which have been involved in accidents in 
Europe has shown that they resist impact better 
than conventional coaches, and are not so liable to 
telescope. The 18 : 8 austenitic stainless steel which is 
used by the Budd Company does not lose its high 
impact resistance at low temperatures, and it is parti- 
cularly suitable for the Shotweld process of spot 
welding which is largely used in the prototype coach. 
The series of spot welds which is produced by this 
process, is similar in function to a line of rivets ; it is 
rapidly carried out, and each weld is automatically 
controlled. The skill required of the operator is 
reduced to a minimum and, during production, periodi- 
cal checks are made by welding two pieces of steel 
together and testing the joint to destruction. 
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STAINLESS-STEEL RAILWAY 





COACH: 








Fie. 1. 








«“ Sriver~ Princess ’’ Coaca. 





Fie. 2. 


Considerable use is made of jigs and fixtures in the 
manufacture of this type of coach. The corrosion- 
resisting quality of ph: ath steel is a particular advan- 
tage for railway coaches, which normally require many 
preservative and painting processes, both when new 
and during the life of the vehicle. The smooth surface 
of stainless steel, however, is left unpainted; it is 
striking in appearance, and, because it does not cor- 
rode, the thickness of members may be less than 
for other steels. 

The “ Silver Princess" coach provides seats for 18 
first-class passengers, in three compartments opening 
on to a side corridor, similar to British coaches ; and 
30 third-class passenger seats, arranged in pairs along 
each side of a central aisle in a saloon, as shown in 
Fig. 2. Lavatories are provided at both ends of 
the coach, and there are six doors: two at each end, 
and two near the middle of the coach giving access to a 
vestibule between the first-class compartments and the 
third-class saloon. 

The majority of the structural members of the coach 
framing are fabricated, mainly by the Shotweld process, 
but in certain cases by arc couliie, Plug welds are 
also used in a few positions. The members are made 
of austenitic stainless steel, the tensile strength of which 
is from 40 tons to 67 tons per square inch, according to 
the stresses imposed on each member, and the amount 
ef working of the metal during manufacture. Mild 








Tuiep-Ciass SALOON. 


steel and aluminium have been used where corrosion 
resistance or strength is not particularly important. 
The floor structure of the coach consists of a stainless- 
steel sill or sole-bar, on the longitudinal centre-line of 
the coach, and extending between the bolsters; two 
end underframe cr headstock units, each incorporating 
a bolster for the bogie ; a series of transverse members 
(of different sections, and thicknesses from 0-040 in. 
to 0-075 in., depending on the position), which are 
welded to the top of the sole-bar and the end under- 
frame units; two light longitudinal sills or sole-bars, 
one on each side of the floor at the junction with the 
sides, and welded to the transverse members ; and two 
cross-bearers at 15 ft. 6 in. centres and equidistant 
from the centre of the coach. The main sole-bar is of 
box section fabricated from stainless-steel sheet, and is 
joined at the ends to the end underframe units, one of 
which is shown in Fig. 3, on page 588. These units 
are fabricated, by arc welding, from low-alloy steel 
plates of 29 tons per square inch minimum yield 
strength and } in. to 4 in. in thickness. Each unit 
consists of a box-section bolster incorporating the 
bogie pivot, on one side of which a short section is 
joined to the main sole-bar, and on the other side, two 
Z-section members are splayed out and join a part for 
the centre-coupler, an end sill or headstock, and a 
forked structure terminating in buffer-spring housings. 


The ends of the bolsters and headstocks are fastened to 


the side sole-bars. The whole underframe unit is 
annealed after welding. Cast-steel buffer guides are 
bolted to the headstocks. 

The construction of the sides will be apparent from 
Figs. 4 and 5, on page 588. Each side is a girder with 
strong upper and lower chords incorporating vertical 
posts. ater stainless-steel els are welded 
to the outside of the posts, between the lower edge of 
the windows and the side sole-bars. Each panel between 
a pair of windows consists of six sections welded to- 
gether and to the vertical posts. The roof is con- 
structed of a series of transverse curved members of 
Z section, covered with }-in. deep corrugated sections 
of stainless steel. Two external longitudinal members 
in the roof are connected to the end collision posts, 
which may be seen in Fig. 1. The rails along the tops 
of the windows are stepped-up over the door openings, 
and are formed in the shape of a channel to act as a 
gutter; water drains out through holes on each side 
of the doors. The corrugated roof covering is rein- 
forced over the door openings, and at the ends of the 
coach, by plates welded under the corrugations. * 
The ends of the coach are stainless-steel sheets with 
suitable reinforcing, and vertical collision posts of 
high-tensile stainless steel. These posts are welded 
to the roof longitudinal members and fastened to the 
face of the headstocks. They are termed collision posts 
because they help to distribute the impact of a collision 
over the whole box-like structure of the coach. Holes 
are provided in the tops of the posts to facilitate lifting 
the coach after an accident. Normally, the coach is 
raised by jacking under the ends of the bolsters or 
headstocks. All joints in the body are waterproofed 
with soldering or mastic. The coach is built with a 
longitudinal camber of } in. in the centre, between the 
bogies, with a corresponding drop of about } in. from 
the bolster to the headstock end of the 8 ft. 6 in. 
overhang. 

The side doors are fabricated, and faced on both 
sides with stainless steel. The end doors, communi- 
cating with the corridor connection, slide sideways in 
the usual manner, and are constructed of “ ply- 
metal.” The corridor connection or gangway is spring- 
loaded to ensure an effective joint with the adjacent 
coach. The fixed side windows are double glazed with 
}-in. polished plate glass on the outside, and }-in. 
laminated glass on the inside. Two sliding windows, 
parting in the middle, are provided above each fixed 
window. The body of the coach is insulated with 
layers of long-strand spun-glass, 2 in. thick, in the 
roof, sides and floor ; and the inside of the floor struc- 
ture is sprayed with a -in. thick layer of sound- 
deadening material. The ceilings of the first-class 
compartments and the third-class saloon are made of 
sheets of perforated metal, and the ceilings of the 
lavatories and vestibules are of plymetal. The side 
and end walls, and the ceiling of the corridor adjacent 
to the first-class compartments, are lined with sound- 
deadened metal sheet. 

The stainless-steel floor structure is covered with 
4-in. waterproofed plywood, with an intermediate 
layer of sound-insulating material. A carpet on a pad 
is laid in the first-class compartments, and }-in. thick 
rubber “ tile” is laid in the third-class saloon, the 
corridor and vestibules. The seats in the third-class 
saloon are in pairs, and each pair may be rotated about 
a vertical axis, to face in either longitudinal direction. 
The back of each seat can be inclined at any desired 
angle, and individual adjustable foot-rests are provided. 

A pressure ventilating system has been provided by 
Messrs. J. Stone and Company, Limited, Deptford, 
London, S.E.14. A box under the floor of the coach 
houses air filters, fans, steam heating-coils, and control 
gear. Air is admitted from the atmosphere, heated by 
the coils, and blown into the coach through louvres in 
ducts, which are situated under the seats in the first- 
class compartments, and along the skirting in the 
third-class saloon. All ducts are made of stainless 
steel. The heating of the air before it enters the coach 
is controlled by a thermostat. The roof of the coach 
is fitted with eight ventilators to exhaust 100 cub. ft. 
of air a minute; there are three in the saloon, and 
one in each compartment and lavatory. The coach is 
also equipped with the usual hot-water heat exchanger 
and mixing valves for the lavatories, a 50-gallon 
stainless-steel water tank at each end, and valves and 
couplings for connecting to other coaches. 

lectric current is provided by a totally-enclosed 
reversible generator, manufactured by Messrs. J. Stone 
and Company, Limited. It is driven by a flat belt on 
a 7-in. diameter pulley, from a 20-in. diameter pulley 
on one of the pad a and it is rated at 120 amperes, 
providing direct-current at 24 volts. A battery of 12 
cells, of 553 ampere-hour normal capacity, is carried 
in a ventilated stainless-steel box under the floor. The 
interior'of the coach is illuminated by fluorescent tubes 
in the compartments and saloon, and by incandescent 
lamps in the vestibules and lavatories and in sockets 
over each seat. The fluorescent lights operate on 
110-volt 50-cycle alternating current, which is provided 








by a Stone rotary inverter of 1,200-watts capacity. 
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The vacuum-brake system is operated by a single 
cylinder, mounted on pivots, cal emnaied to the 
brake blocks by a system of levers and rods which 
—— Sgr compensation between the two 


i braking 
weight of the coach. Two B hook-and-screw 
couplings of forged alloy steel, and two hinged Buckeye 
centre-couplers and the associated emergency links, 
have been provided. The draw gear is connected to 
rubber pads with metal dividing plates. The bogies 
are to a standard British railway design, and are 
pivoted on 4-in. diameter pins. e centre-bearing 
Lee are of an inverted t to avoid the collection 
of dirt, and are equi with brake-lining wear plates. 
The side bearings ne ech of an Seveited tore na are 
insulated with rubber. 

Before the coach was shipped to England from the 
United States, it was subjected to three loading tests 
in the Budd Company’s works at Philadelphia. The 
deflections were measured, and strain-gauge i 
were taken. In the first test, the coach was supported 
on jacks at the bolsters, and an evenly-distributed load 
of 45,000 Ib. (20 tons) was applied, using bogie beams 
for convenience. This test is shown in progress in 
Fig. 6, on page 588. The vertical deflection of the body 
at the centre-line, in relation to the bolsters, was 
0-24 in. The maximum stress indicated by strain- 
gauges was 17,250 Ib. (7-7 tons) per square inch tensile. 
No krurney Beal other sign of serious distortion was 
noted, and t was no permanent set after the removal 
of the load. In the second test, a compressive load 
of 500.000 Ib. (about 223 tons) was applied along the 
centre-line of the centre-couplers. Measurements and 
readings were taken at 400,000 lb., with the following 
results: the vertical deflection at the centre of the 
coach, in relation to the bolsters, was 0-45 in. ; and the 
maximum stresses were 43,400 Ib. (19-4 tons) per square 
inch compression in the centre sill or sole-bar ; 27,500 lb. 
(12-3 tons) per square inch compression in the side 
sills; and 24,000 Ib. (10-7 tons) per square inch 
com ion in the end underframe unit. A compres- 
sive load of 500,000 lb. was also used for the third test, 
but the load was distributed equally between the two 
buffers ateachend. Readings were taken at 400,000 Ib. 
The vertical deflection at the centre was 0-48 in. ; 
and the maximum stresses were 42,400 Ib. (19 tons) = 
square inch compression in the centre sill; 34,700 Ib. 
(15-5 tons) per square inch compression in the side 
sill; and 24,600 Ib. (11 tons) per square inch compres- 
sion in the end underframe unit. These tests were 
witnessed by a representative of the Pittsburgh Testing 
Laboratory. 





LAUNCHES AND TRIAL TRIPS. 


8.S. “ REGISTAN.”—Single-screw cargo liner, with 
accommodation for 12 passengers, built, engined and 
boilered by Messrs. John Readhead and Sons, Limited, 
West Docks, South Shields, to the order of Messrs. 
Frank C. Strick and Company, Limited, London. Dead- 
weight capacity, about 10,000 tons, on a light draught. 
Triple-expansion engine with Bauer-Wach turbine and 
oil-fired boilers, to give a service speed of over 12 knots. 
Trial trip, December 3. 

M.S. “ SmpsaNna.”—Twin-screw passenger and cargo 
vessel, for Indian and Far Eastern service, built and 
engined by Messrs. Swan, Hunter, and Wigham Richard- 
son, Limited, Walker, Newcastle-upon-Tyne, to the order 
of the British India Steam Navigation Company, Limited, 
London. Main dimensions: 479 ft. 3 in. overall by 
62 ft. 6 in. by 35 ft. to upper deck ; deadweight capacity, 
8,700 tons on a draught of 26 ft. 5 in. Two Swan, 
Hunter-Doxford four-cylinder opposed-piston Diesel 
engines, giving a trials speed of 15 knots. Trial trip, 
December 9. 

M.S. “* ANUNCIADA.”—Single-screw cargo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Pallion, Sunderland, for Messrs. Pictet and 
Company and Messrs. Ferrier Lullin and Company, 
Geneva, Switzerland. Main dimensions: 443 ft. overall 
by 56 ft. 6 in. by 29 ft.; deadweight capacity, about 
9,290 tons. Doxford four-cylinder opposed-piston oil 
engine to give a service speed of 13 knots. Launch 
December 10. 

M.S. “ British RANGER.”’—Single-screw oil tanker, 
built and engined by Messrs. Harland and Wolff, Limited, 
Govan, Glasgow, for the British Tanker Company, 
Limited, Finsbury-circus, London, E.C.2. Main dimen- 
sions: 463 ft.. between perpendiculars, by 61 ft. 6 in. by 
34 ft.; deadweight capacity, about 12,280 tons. Har- 
land-B. and W. type six-cylinder four-stroke single-acting 
Diesel engine. Launch, December 11. 

8.S. “‘ BostoN HURRICANE.”’—Single-screw trawler 
built by Messrs. Cochrane and Sons, Limited, Ouse 
Shipbuilding Yard, Selby, for The Boston Deep Sea 
Fishing and Ice Company, Limited, Fleetwood. Main 
dimensions: 167 ft. 6 in. by 29 ft. by 15ft.3in. Triple- 
expansion engine constructed by Messrs. Amos and 
Smith, Limited, Albert Dock Works, Hull. Launched, 
December 13. 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following specifications have been issued by the 
British Standards Institution. Copies are obtainable 
from the Publications De ent of the Institution, 
28, Victoria-street, London, .S.W.1, at the price quoted 
at the end of each paragraph. 


Portable Fire Extinguishers—A new specification, 
B.S. No. 1382, covers portable fire extinguishers of the 
gas water-pressure type, of riveted construction. It 
gives details of the manufacture of the body, 
pressure container and fittings, and concerning the 
materials to be used, and also deals with methods 
of test and marking. It is hoped to publish, in the 
near future, a revision which will include various 
methods of welding as an alternative to riveting. The 
specification is complementary to B.S. No. 138, cover- 
ing portable chemical fire extinguishers of the acid- 
alkali type (excluding the foam type), and B.S. No. 740, 
relating to the foam and carbon-tetrachloride type of 
portable extinguishers. [Price 2s., postage included. ] 

Mastic Asphalt Flooring.—-A further specification in 
the series covering bituminous flooring materials has 
been prepared and issued. This, B.S. No. 1410, is 
concerned with a type of mastic asphalt flooring com- 
posed of natural-rock asphalt incorporated with an 
asphaltic cement consisting of equal proportions of 
asphaltic bitumen and refined lake asphalt with the 
addition of coarse aggregate. The materials covered 
by the specification are intended for a wide range of 
applications from light-duty floors to heavy-duty 
industrial flooring. Various sections of the specifica- 
tion deal with definitions, raw materials, manufacturing 
processes, sampling, and hardness and its determina- 
tion. Data on the remelting of the mastic on the build- 
ing site and recommendations for the application and 
finishing of the mastic asphalt flooring are also included. 
[Price 2s. 6d., postage inciuded.] 





BOOKS RECEIVED. 


Ministry of Fuel and Power. Report on the Petroleum and 
Synthetic Oil Industry of Germany. By a Mission 
from the Ministry of Fuel and Power. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 10s. net.] 

An Introduction to Aerodynamic Compressibility. By 
J. Buack. Bunhill Publications, Limited, 12, Blooms- 
bury-square, London, W.0.1. [Price 18s. net.] 

Power and Process Steam Engineering. By DovuGLas 
Copp. Edward Arnold and Company, 41 and 43, 
Maddox-street, London, W.0.1. [Price 15s. net.} 

Ministry of Fuel and Power, and British Intelligence 
Objectives Sub-Committee. Technical Report on the 
Ruhr Coalfield. By a Mission from the Mechanisation 
Advisory Committee of the Ministry of Fuel and 
Power. Volume III. Appendix No. 27. Utilisation 
of Low-Grade Fuels in Steam Generating Plants. By 
Dr. WALTER VOGEL. H.M. Stationery Office, Kings- 
way, London, W.0.2. [Price 9d. net.] 

Mitteilungen itiber Forschung und Konstruktion im Stahlbau. 
No. 6. Anwendung der Potentialtheorie im Stahlwasser- 
bau. Berechnung des Uberfallbleches von Hakenschiitzen. 
By INne.-Dr. Curt F. KOLLBRUNNER and DrPt.-INna. 
W.Wyss. A.-G.Gebr.Leemann & Co., Stockerstrasse 
64, Ziirich 39. 

Mitteilungen aus der Versuchsanstalt fiir Wasserbau und 
Erdbau an der Eidgendssischen Technischen Hochschule 
in Ziirich. No. 13. Remarques sur les nappes souter- 
raines en régime permanent. By ING.-Dr. CHARLES 
JAEGER. Elektrokinetische Erscheinunger und ihre 
Anwendung in der Bodenmechanik. By DrPt.-Ine. 
W. Scuaap and InG.-Dr. R. HAaeretit. A.-G. Gebr. 
Leemann & Oo., Stockerstrasse 64, Ziirich 39. [Price 
5 Swiss francs.) 

British Locomotives at Work. By O.S. Nock. Greenlake 
Publications Limited, 156, Camden High-street, 
London, N.W.1. [Price 16s.]} 

Algebra. By Dr. A. PaGe. University of London Press, 
Limited, Little Paul’s House, Warwick-square, London, 
E.C.4. [Price 18s. net.] 

“ Elektron”? Magnesium Alloys. Fourth edition. F. A. 
Hughes and Company, Limited, Abbey House, Baker- 
street, London, N.W.1. [Price 25s.] 

British Welding Research Association. Special Report 
LM3/28. Argonarc Welding. Collected Papers on 
Argonarc Welding Presented to the Committee on Fusion 
Welding of Magnesium-Rich Alloys. Offices of the 
Association, 29, Park-crescent, London, W.1. [Price 
78. 6d.) 

Plasticity in Engineering. By F. K. TH. VAN ITERSON. 
Blackie and Son, Limited, 66, Chandos-place, Strand, 
London, W.C.2. [Price 8s. 6d. net.] 

United States National Bureau of Standards. Circular 
No. 465. Instructions for the Use of Basic Radio 
Propagation Predictions. Superintendent of Docu- 





ments, U.S. Government Printing Office, Washing- 
[Price 25 cents.] 


ton 25, D.C., U.S.A. 


PERSONAL. 


THE Ear or Hatirax, K.G., P.C., G.C.S.1., G.O.1.E., 
O.M., has been elected Chancellor of the University of 
Sheffield in succession to the late EARL OF HAREWoop, 
K.G., G.C.V.0., D.8.0. 


Mr. D. P. OLIVER, who was appointed Director of 
Mining Supplies, Ministry of Fuel and Power, in 1944, 
has now been made deputy chairman designate of the 
Merseyside and North Wales Electricity Board. Mr. 
R. A. 8S. THwarres, M.1.C.E., M.I.Mech.E., M.I.E.E., 
engineer and manager, Manchester Corporation Elec- 
tricity Department, has been appointed deputy chairman 
designate of the North-Western Area Board. 


Mr. Sypney E. Taytor, D.S.C., M.A. (Cantab.), has 
been elected President of the Institution of Mining and 
Metallurgy for the 1948-49 session. 


Mr. P. A. Smita, assistant service manager to Messrs. 
Alfred Herbert Limited, Coventry, has been promoted 
to be service manager, in succession to the late Mr. H. A. 
DRANE. 


Mr. D. J. Desmonp has been elected chairman, and 
Mr. W. J. JENNETT, hon. secretary, of the Industrial 
Applications Section of the Royal Statistical Society, 
4, Portugal-street, London, W.C.2. 


Mr. H. S. Hastam, Rotherham Area General Manager, 
North-Eastern Division, National Coal Board, is leaving 
to take up the position of engineeriag director of English 
Clays Lovering Pochin and Company, Limited, St. 
Austell, Cornwall, early in the New Year. 


Mr. D. REBBECK, M.A., M.Sc., has been elected Presi- 
dent of the Belfast Association of Engineers. 


CaPpTalIn (E) R. G. Murray, C.B.E., has been appointed 
Director of Aircraft Maintenance and Repair at the 
Admiralty. 


Messrs. THos. W. WARD, LimiTep, Albion Works, 
Sheffield, inform us that Mr. Rawson F. Staao has been 
appointed assistant managing director of Ketton Portland 
Cement Company, Limited. 


Mr. Harry Brompron, B.Sc.(Eng.), M.I1C.E., 
M.1.Struct.E., M.Inst.W.E., has changed his address to 
7,  Hobart-place, Westminster, London, S.W.1. 
(Telephone: SLOane 0716-7.) 


After 40 years of separate, yet parallel, progress, 
ACHESON CoLLoms LimtreD, of Great Britain, and 
ACHESON COLLOIDS CORPORATION, of the United States, 
have been merged under the control of Mr. HOWARD A. 
ACHESON, son of the founder of the two organisations. 
Acheson Colloids Limited, 9, Gayfere-street, London, 
S.W.1, however, will continue under the joint manager- 
ship of Mr. E. G. CLARKE and Mr. H. HIGINBOTHAM, 
the British directors. 


Tue INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS removed their offices from 72-74, Victoria- 
street, to 75, Eaton-place, London, 8.W.1, on Decem- 
ber 18. 


The Board of Trade announce that a United Kingdom 
Trade Commissioner post has been opened in Burma 
Mr. J. W. STOODLEY has been appointed to take charge 
and his temporary address is at Rander House, Phayre- 
street, Rangoon (Telegrams: Prodrome Rangoon). MR. 
W. P. MonTGOMERY has been appointed Trade Commis- 
sioner at Hong Kong. 





“ THE CENTRAL.”—The December, 1947 issue of The 
Central, the journal of the former students of the City 
and Guilds College, contains an article by Sir Frederick 
Handley Page on the Halifax bomber—of which the 
last of 6,059 was delivered to the Royal Air Force just 
a year ago; and another, by Mr. T. E. Beacham, B.Sc., 
on self-contained hydraulic transmissions. The ‘ Old 
Student Notes” give news of several hundreds of Old 
Centralians who qualified in the years from 1889 on- 
wards. A biographical note of particular interest is 
that of Captain A. M. Holbein, F.C.G.1., the honorary 
secretary of the Old Centralians, whose office at 3, 
St. James’s-square, London, 8.W.1, is also the address 
of the editorial board of The Central. 





ELEctric KITcuENS FOR SMALL Hovses.—The British 
Electrical Development Association, 2, Savoy-hill, 
London, W.C.2, have published an illustrated brochure 
entitled “‘ Electric Kitchen Design for Small Houses.” 
This outlines the principles which govern the approach 
to a “ universal ” plan, for the layout of such kitchens. 
The equipment considered to be necessary includes a 
cooker, refrigerator, storage-type water heater, washing 
machine or wash boiler, and drying cupboard, all of 
which would be electrically operated, in addition, of 
course, to such essentials as a sink and draining board, 
store cupboards and space for the preparation of meals. 
Alternative arrangements of these items are described ; 
and certain features which may lead to inconvenience 





are discussed with a view to their avoidance. 
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NOTES FROM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel.—Substantial tonnages of steel have 
been shipped by Scottish makers in an effort to clear 
oft as much as possible of the Period 4 quotas outstanding. 
Exports from Scottish ports were destined mainly for 
Finland, Sweden and the Middle East. The completion 
of many orders has not made any appreciable reduction 
in the total number of orders, as numerous inquiries 
continue to pour in from all parts of the world. Britain’s 
difficulties with food purchases from Canada, and the 
requests from the Dominion for increased deliveries of 
industrial products from this country in order to adjust 
the balance-of-payments account, are being given close 
attention by the steel trade here, where it is realised 
that because of lower shipping rates, as compared with 
trans-continental rail charges, British makers can com- 
pete, at least on the Vancouver seaboard, with American 
steelmakers’ prices. Steel production is being well 
maintained locally, and current indications are that a 
six-monthly record for steel production in Scotland may 
be established at the end of December. The one dis- 
turbing factor is the shortage of scrap, and while the 
coke-supply position is still obscure, hopes are entertained 
that two additional blast-furnaces will be lit early in 
1948, one to produce basic pig-iron, and the other 
foundry grades. The Falkirk district has been informed 
officially that it will probably be hardest hit by Sir 
Stafford Cripps’s capital investment restriction pro- 
gramme, which has added to the anxiety caused by she 
shortage of pig and cast-iron scrap. wer 

Scottish Coal.—The export market has been animated 
by a decision of the Divisional Coal Board to release a 
quantity of coal for overseas shipment, and 8,000 tons 
for Eire and a similar amount for Sweden have been 
offered. The coal consists of washed industrial sorts 
from Fife, and constitutes the first export of superior- 
quality coal from Scotland for a considerable time. The 
Irish quota, which has been taken up mainly by electric 
power stations, is being shipped from the Clyde, while 
the Swedish consignments are to be loaded at Methil. 
The Scottish collieries continue to steer clear of any 
major labour troubles, although there have been occa- 
sional local sectional disputes in which the usual small 
output losses have occurred, but production is heavy, 
and, in a recent week, was only a few thousand tons 
short of the year’s high record. Stocks have been con- 
solidated by the regular outputs, and despite increased 
consumption demands in tbe recent cold spells, are 
much better than they were last year. Coke-ovens are 
working at maximum capacity, but the supply of metal- 
lurgical coke is short of local blast-furnace needs. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—The announcement made 
during the past week of the resumption or ordinary 
commefcial exports, if only on a very small scaie, has 
had a tonic effect upon the Welsh coal,market. It was 
reported that an order had been received for the supply 
of 8,000 tons of Welsh coals to Takoradi and that the 
sale of 4,000 tons to Portugal was being negotiated in 
Lisbon. Both these shipments will be the first ordinary 
exports since the imposition of the shipping ban during 
the fuel crisis of last winter. While it was agreed that 
exports would have to remain on a small scale for some 
time, because of the heavy demands of the home trade, 
as well as the increased call for bunkers, shippers were 
hopeful of a resumption of trade with France and Italy, 
formerly among the chief markets for Welsh coals. An 
important consideration, in these days of acute shortage 
of railway wagons, was the fact that wagons could be 
returned more quickly into circulation from the South 
Wales ports than from home industrial users, owing to the 
shorter railway journeys involved. The supply position 
has remained difficult on the Welsh steam-coal market. 
The increased amount of coal made available by addi- 
tional outputs has found a ready outlet in the home 
and bunkering trades, while the demand has been such 
that potential outputs are still earmarked for some time 
to come. Operators have been concentrating chiefly 
upon the high-priority corsumers, and the best quality 
eoals were unobtainable. Cokes and patent fuel experi- 
enced a very keen demand from inland sources, and 
supplies were not easy to arrange for early delivery. 


Swansea Sheet-Steel Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was greater activity in tin-plate 
sales than during the previous week. The quantities 
disposed of to home consumers, for delivery during the 
first quarter of 1948, were substantial. In the export 
market a little more business was transacted for delivery 
before the end of the current quarter. Steel sheets 
continue to be in request, and, as makers are heavily 
committed, only high priority orders can be placed. 
Iron and steel scrap is in demand and suppliers are making 
a big effort to maintain satisfactory deliveries. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Since the trouble with cokemen, in 
their demand for a shorter working week is subsiding, 
the coke position is clearer and blast-furnaces and steel- 
works are assured of adequate supplies of coke. The 
make of pig-iron has continued without interrup 
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It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








Roya Society oF Arts.—John Adam-street, W.C.2. 





There is a heavy demand for Derbyshire and Lincolnshire 
iron and hematite irons. The consumption of pig iron 
and iron and steel scrap is augmenting as steel production 
steadily increases, but there is not enough steel for all 
users of sheet and bar. Rolling mills and forges are 
better placed for labour as a result of the employment 
of foreign workmen, who are getting used to the arduous 
conditions. Makers of coal-cutting machinery and 
conveyors have been able to give improved deliveries as 
a result of priorities in materials. High-speed tool steel 
and high-speed tools are in demard ; and the demand for 
stainless stee] far exceeds the supply and the production 
facilities. Many orders for stainless steel cannot be 
entertained, the chemical industries particularly having 
to go short. The demand for wire ropes for mining and 
shipping, and for port authorities, is strong and con- 
tinuous; wire rods are in very strong request. Hot- 
and cold-rolled strip are eagerly sought, and order books 
are full. Some light engineering and cutlery manufac- 
turers have sent missions to Australia to report on the 
possibilities of establishing works there following the 
emigration from Sheffield of craftsmen and women 
anxious to secure employment there in their old trades. 
Tool factories continue to be extremely busy. 


South Yorkshire Coal Trade.—More industrial steams 
have become available as miners work a longer week. 
There have been hindrances to transport by foggy 
weather, but special attention to the working of coal 
and empty-wagon trains has since reduced the inconveni- 
ence suffered. The settlement of the trouble with colliery 
clerks, who objected to working a longer week without 
adequate compensation, has brought more pits into the 
Saturday-shift working. Outcrop-coal production has 
increased. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Furtber improvement of conditions 
in the Tees-side iron and allied trades can be reported. 
The increased production of several finished commodities 
includes large outputs of steel, notwithstanding the 
continued shortage of pig iron and scarcity of both 
foundry and steelworks scrap. The demand for scrap, 
which is a very welcome and cheap substitute for pig 
iron, far exceeds the supply, and the problem of increasing 
deliveries is as difficult to solve as when garden gates and 
railings were confiscated to manufacture guns aod other 
war-time requisites. The output of the Cleveland 
ironstone mines is still on a disappointing scale, but 
substantial cargoes of high-grade foreign ores continue 
to reach the consuming plants. Much of the large 
accumulations of finished commodities which have 
been awaiting rail transport have been cleared by: the 
quicker turn-rouad of wagons, but arrears of delivery are 
still very heavy and extensive cancellations of orders are 
unavoidable. 


Foundry and Basic Iron.—The inadequate supplies 
of foundry pig, coupled with the scarcity of heavy 
cast-iron scrap, is seriously restricting the production of 
light castings. The output of basic iron is steadily 
maintained, but is fully absorbed as it becomes available 
by the makers’ adjoining steel furnaces ; larger supplies 
could be utilised promptly. 


Hematite, Low-Phosphorus and Refined Iron.—The 
scarcity of East-Coast hematite is increasing. Makers 
still manage to meet the essential needs of regular 
customers, but have to refuse the persistent demand 
for parcels to enable depleted stocks to be replenished. 
The manufacture of low- and medium-phosphorus 
grades of iron does not cover fully the requirements of 
consumers. Distributable supplies of refined iron are 
readily accepted. 


Manufactured Iron and Steel.—Semi-finished and 
finished iron firms have as extensive bookings as ciccum- 
stances justify and the steel producers’ commitments 
are on a much larger scale than they can handle. Steel 
semies, especially billets and sheet bars, are still needed 
in much larger quantities than the makers can provide 
and imports have declined to a very low level. Any 
parcels of foreign products that become available are 
quickly taken up for the urgent requirements of the 
re-rolling mills. Ingots, however, are obtainable in 
satisfactory quantities for the heavy rolling mills. 
Allocations of commodities required for the production of 
agricultural implements, shipbuilding material, railway 
and colliery equipment are taken up as soon as they 
become available. 





Wednesday, December 31, 2.30 p.m. Dr. Mann Juvenile 
Lectures. I. ‘‘ How We Get Our Coal,” by Dr. ¥. J. 
North. Wednesday, January 7, 2.30 p.m. II. “ What 
We Do With Our Coal,” by Dr. W. Idris Jones. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
January 2, 5.30 p.m., Storey’s-gate, St. James’s Park, 
8.W.1. ““Modern Cutting Tools and Machine Tool 
Design,’”’ by Mr. C. Eatough. Friday, January 9, 5.30 
p.m., Storey’s-gate, S.W.1. In conjunction with the 
— Mechanics Group. ** The Design of Contra-Flow 

at Exchangers ”’ by Professor Ernst Schmidt. AvurTo- 
MOBILE DIVISION. Tuesday, January 6, 6 p.m., Storey’s- 
gate, S.W.1. Chairman’s Address, by Captain G. T. 
Smith-Clarke. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, January 
2, 6.30 p.m., 39, Victoria-street, 8S.W.1. Film Display. 
Friday, January 9, 6.30 p.m., 39, Victoria-street, S.W.1. 
“‘ Gas Turbine Power Plants for Aircraft Propulsion,” by 
Mr. R. M. Cracknell. 

INSTITUTE OF ECONOMIC ENGINEERING.—Midland 
Region: Saturday, January 3, 2.30 p.m., Chamber of 
Commerce, 95, New-street, Birmingham, 2. ‘“‘ Time and 
Motion Study in the Foundry,” by Mr. C. D. Pollard. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, January 5, 6 p.m., James Watt 
Institute, Birmingham. “ Gas, Electricity and Coal 
Economy,” by Mr. P. Schiller. Mersey Centre: Monday, 
January 5, 6.30 p.m., Royal Institution, Colquitt-street, 
Liverpool. ‘* Electric Traction on the Southern Rail- 
way,” by Mr. C. M. Cock. North-Western Centre: Tues- 
day, January 6, 6 p.m., Engineers’ Club, Manchester. 
** Report on Practical Training of Professional Electrical 
Engineers,’”’ presented by Mr. D. B. Hoseason. Southern 
Centre: Wednesday, January 7, 6.30 p.m., Council 
Chambers, Southsea. ‘‘ Neutral Earthing of Three-Phase 
Systems,” by Messrs. J. R. Mortlock and C. M. Dobson. 

INSTITUTIQN OF PRODUCTION ENGINEERS.—Y orkshire 
Section: Monday, January 5, 7 p.m., Hotel Metropole, 
Leeds. “ Ball and Roller Bearings,” by Mr. F. Hickling. 
Halifax Section: Monday, January 12, 7 p-m., White 
Swan Hotel, Halifax. ‘‘ Britain’s Industrial Future,” by 
Mr. Lewis C. Ord. Luton Section: Monday, January 1?, 
7 p.m., Town Hall, Luton. “ Press Work,” by Mr. A- 
Grainger. Glasgow Section: Thursday, January 15, 
7.30 p.m., 39, Elmbank-crescent, Glasgow. “‘ Cold 
Upsetting and Thread Rolling,” by Mr. T. C. Parker. 

INSTITUTION OF CIVIL ENGINEERS.—South Wales Asso- 
ciation: Tuesday, January 6, 6 p.m., Institute of 
Engineers, Park-place, Cardiff. ‘“‘ Decign and Construc- 
tion of Concrete Roads,” by Colonel W. P. Andrews. 
North-Western Associaiion: Thursday, January 8, 6.30 
p.m., Engineers’ Club, Manchester. ‘“‘ Roads and Their 
Riding Qualities,” by Mr. W. J. O. Scott. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Northern 
Counties Branch » Tuesday, January 6, 6.30 p.m., Cleve- 
land Institute, Corporation-road, Middlesbrough. “ Re- 
cent Trends in Structural Welding,” by Mr. O. Bondy. 
Also on Wednesday, January 7, 6.30 p.m., Neville Hall, 
Newecastie-upon-Tyne. Institution: Thursday, January 
8, 6 p.m., 11, Upper Belgrave-street, S.W.1. “‘ The 
Supervision of Civil Engineering and Building Contracts 
in War Time,” by Mr. E. H. Macmillen. 


INSTITUTION OF HEATING AND VENTILATING EN- 
GINEERS.—Wednesday, January 7, 6 p.m., Institution of 
Civil Engineers, Great George-street, S.W.1. ‘“‘ Comfort 
Cooling in the Tropics,” by Mr. J. F. L. Grocott. Hast 
Midlands Branch: Wednesday, January 7, 6.30 p-.m., 
College of Technology, Leicester. ‘‘ Objects and Limita- 
tions of Water Treatment,” by Mr. W. Murray. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Lancashire 
Branch : Wednesday, January 7, 7 p.m., Engineers’ Club, 
Manchester. ‘‘ Centrifugally and Precision Cast Ferrous 
Alloys for Aircraft Applications ” by Mr. J. F. B. Jackson. 
Scottish Branch: Saturday, January 10, 3 p.m., Royal 
Technical College, Glasgow. ‘‘ Mechanised Bath Pro- 
duction,” by Mr. R. S. M. Jeffrey. 


RoyaL AERONAUTICAL Socrety.—Preston Branch: 
Wednesday, January 7, 7 p.m., Chamber of Commerce, 
Fishergate, Preston. ‘‘ Problems of High-Speed Flight,” 
by Mr. D. L. Ellis. 


INSTITUTE OF MeEtTAts.—London Local Section: 
Thursday, January, 8, 7 p.m., 4 Grosvenor-gardens, 
Westminster, S.W.1. “Silver,” by Dr. L. B. Hunt. 
Swansea Local Section: Tuesday, January 13, 6.30 p.m.. 
Metallurgy Department, University College, Swansea. 
Display of Irdustrial Films. : 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday 
January 9, 7.30 p.m. College of Technology, Manchester. 
“ Researches Now in Progress in the Cavendish Labora- 
tory,” by Professor Sir Lawrence Bragg, F.R.S. 
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LECTURES ON HIGH-TEMPERATURE ALLOYS.—A course 
of six lectures on the “‘ Modern Applications of High- 
Temperature Alloys” will be delivered by Mr. C. G. 
Conway, in the Department of Metallurgy, Sir John Cass 
Technical Institute, Jewry-street, Aldgate, London, 
E.C.3, at 6.15 p.m., on Thursdays, beginning on January 
22, 1948. The lectures will deal with historical develop- 
mepts, the use and properties of ferritic and austenitic 
steels, miscellaneous high-temperature alloys, and special 
problems connected with gas-turbine applications. The 
fee for the course, which is intended for advanced and 
post-graduate students, is 10s., and application for enrol- 
ment should be made to the Principal of the Institute 
prior to the opening date, 








STEEL TUBES.—We attended recently a display of 
two sound films made for Messrs. Stewarts and Lloyds, 
Limited, Brook House, Upper Brook-street, Loudon, 
W.1. The first, evtitled ‘“‘ Through the Mill,’ shows the 
production of iron and steel from the raw materials to the 
finished rolled products, the continuous-weld, hydraulic 
lap-weld, and push-bench tube-making processes, and 
the Pilger mill for the production of seamless tubes. 
The second film, entitled “‘ The Tube Age,” gives some 
indication of +» 1erous applications for tubes of all 


types and ch film runs for approximately 
30 minute -mm. and 16-mm. copies are obtain- 
able, on’ 1 the firm’s Publicity and Publications 
Departn . the above address. 
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Fie. 6. CoacH UNDER VeERTICAL-LoapD TEST. 


SOUTHERN RAILWAY OIL-BURNING LOCOMOTIVES.— 
Thirty-one passenger and mixed-traffic locomotives of 
the Southern Railway have been converted for burning 
oil. It is proposed to convert 110 locomotives in all, and 
the estimated ‘saving in coal is 70,000 tons per annum. 
The first oil-fuelling depot is now in use at Fratton, 
Hampshire. There are seven 12,000-gallon tanks, 
which are replenished from tank wagons by a steam- 
driven pump, at a rate of 10,000 gallons an hour. This 
pump is also used for filling the locomotive tenders. The 
tanks in tenders, and the tanks and pipes at the depot, 
are heated by steam. Two other main depots, at East- 
leigh, Hampshire, and Exmouth Junction, and a number 
of smaller depots, are also to be equipped. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPte Bar 3663 and 3664, 


All editorial correspondence should be addressed 
to the Editor and al] other correspondence to the 
Manager. 





Accounts are pronhls to “ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
ne mt in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 


of £410 0 


£4 5 0 
Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 


the Publisher, mentioning the agent’s name and 
address, 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper ae on the inside black and white pages 
and in the buff art “oe two-colour supplement, as 
insets, can be obtained on application to 
r. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
ere. of “Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 


well as for 
the 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to yah 00 4 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 


two years. 
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‘*ENGINEERS: BUILDERS OF 
A BETTER WORLD.”’’ 


‘“* AnyBopy can make history, only a great man 
can write it.” So wrote the witty genius of paradox, 
who, in a maudlin ballad, made history for a sombre 
gaol at Reading. The Germans have made history 
enough, as many great cities will bear witness for 
generations; but, in spite of all the notable his- 
torians that Germany has produced, it is doubtful 
if the true history of that unhappy country has 
been written yet. Certainly, the Germans do not 
seem, even now, to have the view of their past 
which is held by enlightened opinion in other 
countries. There are two main reasons for this. 
All thinking is wishful, as Bernard Shaw says, and 
it is an old and profound truth, made popular by 
the immortal Scots poet, that men (and nations) 
do not .see themselves as others do. There is, 
however, one very important feature of German 
history which explains so much that it must be 
mentioned. It has been noticed before, under the 
vague and diffuse title of “ militarism,” which is 
too offensive, pictorial, and abstract for the average 
man to grasp with clear impartiality. Indeed, 
when Statesmen of eminence speak of “stamping 
out German militarism,” it is obvious that they are 
misled by angry sentiment and that they do not 
understand what they hope to do. 

Why have the Germans dominated human 
thought for more than a century? Other nations 
have thrown up great discoveries and origi 
thinkers, but, for 150 years, the learned men of all 
nations have looked to Germany and its literature 
and sent their students to study in German univer- 
sities. Racial differences are inadequate to explain 
this marked domination and aggression. No one 
has ever suggested that the German was more 
intelligent than the French or English or American 
—quite otherwise ; but it is doubtful if the Germans 
themselves realise the extent to which they owe 
their qualities, good and bad, to two Prussian 
kings—Frederick II, the Great, and his father, 
Frederick William I. The father created an army, 
a husbandry and a treasury by extreme and fantastic 
methods. The son developed and applied all three 
with dazzling success and made Prussia a European 





Power. In 1787, Mirabeau wrote, in his History of 
Prussia, that every Prussian is born a soldier, and 
Prussian virtues make war a national industry. 
For a dozen generations, the methods and principles 
that made this true 160 years ago have been mould- 
ing the character of the German people; for 
“ character,” according to Seneca, “is long con- 
tinued habit.” 

But the influence of Frederick the Great was not, 
by any means, confined to military matters. He 
imbued the nation with a sense of duty, diligence, 
courage and thrift. He brought Voltaire and 
Maupertuis to his Court in order to stimulate the 
study of science and philosophy. He patronised 
architects, musicians and poets. He played the 
flute, wrote music and poetry, and left a score of 
volumes of political writings when he died. ll this, 
in addition to superhuman activities in other fields. 
Other German Courts competed to some extent and, 
after a few generations, Germany had acquired a 
system of emulation and work which was greatly to 
be envied. Forty years ago, students in German 
Universities were having lectures at 5 a.m. in 
summer and 6 a.m. in winter, and professors of 
world-wide reputation were content to teach there 
at salaries less than half of those paid to their 
inferiors in other countries. Nor does the brief tale 
end there. Frederick, who has been called the 


600 | National Saint of Prussia, not only displayed a 


cynical disregard for ethics in almost everything he 
did, but he endeavoured, by pleading necessity and 
other materialistic sophistries, to justify his acts. 
This has been the Prussian tradition ever since, 
through Stein, Bismarck, Bethmann-Hollweg and 
Hitler. Centuries of military discipline, cynical 
materialism, and large-scale organisation have had 
their results in engineering and technology. In 
general intelligence, private research or original 
invention, the Germans cannot claim pre-eminence, 
but in the peace-time creation of great enterprises, 
in co-operative research, in the rationalisation of 
industry, groups, kartels, and such like disciplines, 
they have led. The example of Frederick with 
almost 20 hours’ work a day, still lives on; and 
indeed, the engineering professor, Carl von Bach, 
who could do with three hours sleep a day and who 
wrote text-books and nearly 400 original papers, 
has been held up for admiration in recent times. 

The foregoing reflections have been provoked by 
the receipt of a remarkable book by Dr. Ing. F. 
Miinzinger, Ingenieure: Baumeister einer besseren 
Welt. A translation of the title heads this article. 
The world in general and Europe in particular have 
suffered much while nations have been exchanging 
bombs instead of books and there is a certain satis- 
faction in seeing once again the imprint of the 
great publishing house of Julius Springer, now in 
Berlin and Géttingen. The first and second editions 
of the book were rapidly exhausted in 1942, and 
it may be remarked that paper for the second edition 
was only granted subject to the omission of James 
Watt’s portrait, which is still absent in this third 
edition. The sub-title, about a better world, did 
not appear in the two earlier issues; they were 
published at a time when Hitler’s ‘“‘ New Order” 
seemed to be coming round the corner, and that a 
better world could be created by engineers might 
have seemed a presumptuous and impertinent sug- 
gestion. The author is an engineer of wide experi- 
ence in both hemispheres; one who obviously has 
read and pondered deeply. Professionally, he has 
been concerned with large power stations, and he 
has written standard works on high-pressure boilers 
and coal-dust fuel systems. He knew Sir Charles 
Parsons and Rudolf Diesel personally and, in 
general, his views on engineering, education and 
training, invention and manufacture are those of a 
highly qualified observer. His quotations, largely 
from writers on economic and philosophic history, 
are invariably interesting, if not always correct. 
He makes Herbert Spencer speak in the House of 
Commons, which would have been strange, and he 
credits Tom Paine with the building of the first 
large iron bridge, with a span of 72 metres. Paine 
took to Paris a model bridge which he had designed 
in iron, and which he showed to the Convention in 
1787; but our own Darby and Wilkinson had 
already built the famous Coalbrookdale bridge in 
1773-79, with a span of 100 ft. 6 in. This bridge, 
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after minor repairs, was certified safe by Sir Ben- 
jamin Baker, and is still in use for pedestrian traffic, 
though now reported to need further overhaul. 

Dr. Miinzinger sets out to show three main needs 
for an engineer to-day. Very briefly, these are 
complete mastery of technology, a recognition that 
the advantages offered by new devices are attained 
at the price of disadvantages, and, thirdly, that the 
Geist der Technik must have play, with ready 
co-operation, objectivity of aims, and better achievé- 
ment through the mastery of things—against which 
mankind have ever sinned. This is all very well, 
but is rather redolent of the Zeitgeist of earlier 
times. We can imagine Dr. Johnson meeting Dr. 
Miinzinger with a variant of his devastating sally 
at Boswell: “Sir, clear your mind of cant! What 
has the engineer to do with a better world? His 
vocation is the efficient contrivance and fabrication 
of appliances to mitigate the labour and augment 
the power of man.” Or Socrates, with greater 
pungency, asking: “ Better for what? Have you 
considered what the world is for? And have you 
solved the purpose of it?” Lord Acton, in his 
great inaugural lecture, may be quoted: “The 
earthly wants and passions of men remain almost 
unchanged.” No one would wish to deal unkindly 
with a writer brave enough to venture on a problem 
so difficult, but Sir J. Alfred Ewing, in his presi- 
dential address to the British Association in 1932, 
took a much humbler view of the same problem, 
wondering if mankind had taken the wrong turning. 


In some parts of his arguments, Dr. Miinzinger 
seems inclined to special pleading. He defends the 
assembly belt with very little reserve and even 
claims that some women like it better than other 
forms of work. The obvious fact that the belt is 
used to increase output, to make the pace, to drive 
the man as well as the work, is burked. The galleys 
of the Barbary pirates and the treadmills of the old 
‘prisons were certainly worse, but much akin. No 
mention is made of the frantic pedalling of cyclists 
at weekends or the almost daily flight to the cinema 
at night to escape from modern industrial monotony. 
A little farther, Dr. Miinzinger admits that some 
processes are injurious because of dust or poisonous 
gases ; but he consoles himself with the thought 
that, thanks to those who endure them, a much 
larger number of people can lead a sound life. 
This argument is difficult to justify. 

In a brief review, it is not possible to solve a 
problem that has baffled some of the greatest of 
modern thinkers ; but, as purely destructive criti- 
cism is usually undesirable, some attempt may be 
made at the elements of a diagnosis. It is now 
a hackneyed phrase that man’s capacity to make 
and produce has outstripped his power to use. 
That production is easier than distribution, or that 
the arts of destructive invention have far exceeded 
the arts of government and international control, 
are now left unexplained and accepted as truisms. 
Samuel Butler, as a biologist, saw the problem 
from a different angle, and in his Zrewhon, of half a 
century ago, destroyed all the machines, including 
clocks and watches; so that a boy, instead of 
working at a conveyor belt for eight hours and 
amusing himself by fretwork or wood carving for 
two hours in the evening, might work for ten hours 
as a woodcarver or cabinet maker and amuse 
himself all day. Butler wrote before the days of 
the assembly belt, but his Zrewhon was a warning. 

We prefer to see the main source and explanation 
of the trouble in the same human characteristic 
that has led Germany to dominion and downfall : 
“Custom is King.” Use is second nature, or, as 
Wellington put it, ten times nature. It took man 
probably a million years to get up and walk instead 
of crawling along on all fours. He has not yet 
evolved to the sitting posture required by city 
occupations and assembly lines; thousands of 
hospitals and millions of prescriptions are used to 
keep him up. All the time, he pines for a fight, a 
dance, a robbery or even a murder. Is not the cure 
for the discrepancy a little patience ? In another 
million years, we may have lost some old habits. 
In a footnote to his final chapter, the author quotes 
figures from a Swiss weekly, Der Weg, showing that 
the casualties in World War II were ten times those 
of World War I. Surely this increase cannot be 
ascribed to engineers—builders of a better world. 





THE DURABILITY OF 
CONCRETE EXPOSED TO 
WEATHERING. 


In the recent Road Research Technical Paper 
No. 7, entitled Impressions of Roads and Road 
Research in North America, it was stated that “‘ the 
main research activities on concrete roads concern 
the use of air-entraining and low-alkali cements,” 
and was added that although air-entraining admix- 
tures had been used in Great Britain, failures were 
few and the subject had not been actively pursued 
in relation to roads. It is no doubt largely owing to 
the more severe weather conditions encountered in 
many parts of the United States that the matter is 
being pursued there with such diligence. In our 
issue of April 11, 1947, page 290, we gave some 
account of a report entitled Current Road Problems 
No. 13, published by the Highway Research Board 
of the National Research Council, which dealt 
largely with experiences in the use of air-entraining 
concrete in road construction. An extensive report 
on the Durability of Concrete Exposed to Natural 
Weathering has now been published by the Water- 
ways Experiment Station of the United States War 
Department Corps of Engineers. The report is 
not specifically concerned with road work, but 
contains much information bearing on “the 
profoundly beneficial effect which purposeful 
entrainment of properly regulated quantities of 
air has on the durability of concrete,” and should 
be of value in any type of application. 

Some of the data contained in this report have 
been published previously but are now presented 
in more detail and the whole forms a connected 
account of work carried out since 1936. The 
durability of concrete specimens has been studied in 
four exposure installations. The first of these, 
which has been in use since 1936, is at Treat Island, 
Maine. This is an exposed situation, and during the 
winter the specimens are subjected to frequent and 
severe cycles of freezing and thawing accompanied 
by sudden thermal shock and thorough wetting. 
In an average winter, the twice-daily reversal of an 
average 18-ft. tide produces about 145 cycles of 
freezing and thawing. The uniformly low tempera- 
ture of the water, the maximum annual range being 
between 36 and 42 deg. F., prevents, or greatly 
retards, any reaction between the sulphates of the 
sea water and the compounds in the cement. 

The second main exposure installation is near St. 
Augustine, in Florida, where the specimens are 
subjected to the action of warm sea water ; there is 
no freezing. The average tidal range at the point of 
installation is 4 ft. 6 in. Other installations, at 
which the specimens are subjected to atmospheric 
influence only, are outdoors adjacent to the Central 
Concrete Laboratory of the United States Military 
Academy at West Point, and inside the laboratory. 
At Treat Island, from 1936 up till last year, a total 
of 1,669 specimens has been exposed. Work at 
St. Augustine and West Point dates from 1940. 
At the former, 156 specimens hAve been exposed, 
and at the latter 168 outdoors and 52 indoors. 
At Treat Island, where the conditions are most 
severe and, from the point of view of many applica- 
tions, the results are most informative, the test slabs 
were originally placed in racks in a vertical position, 
but in 1940 a new rack was constructed, in which 
they lie horizontally, and a deck has been provided 
which eliminates differences due to sunlight and 
wind. At the other installations, the slabs have 
been laid horizontally from the first. 

Whenever possible, each concrete specimen is 
tested to determine its dynamic modulus of elasticity 
before exposure. The specimen is supported 
horizontally at its nodes and is caused to vibrate 
flexurally. As the frequency of vibration is varied, 
the response of the specimen is observed and when 
the maximum response is found, the frequency of 
oscillation is recorded as the fundamental resonant 
frequency of the specimen. From this value and 
the specific gravity, dimensions and shape of the 
specimen, the modulus of elasticity of the specimen 
may be determined. This test is repeated at inter- 
vals during the exposure period, subsequent values 
for dynamic modulus being expressed as percentages 
of the modulus of elasticity at the time of installa- 





tion. Relative durability is calculated from the 
relative dynamic modulus and the number of degree - 
cycles of exposure. This latter term is obtained by 
multiplying the number of cycles of freezing and 
thawing by the number of degrees below 28 deg. F. 
for each cycle. A temperature of 28 deg. F. is 
assumed to be the freezing point of concrete. A 
specimen is considered to have failed when its 
relative dynamic modulus is less than 50 per cent. 
of the original value ; in case of bad performance, 
however, failure may be determined by visual 
inspection. 

The severe tests at Treat Island furnish remark- 
able testimony of the value of entrained air. Of 
an installation of 271 concrete columns, 6 in. by 6 in. 
by 48 in. long, made in 1940, 88 per cent. had 
failed after three winters of exposure, representing 
511 cycles of freezing and thawing. The specimens 
were made from 52 Portland cements collected from 
47 mills distributed over the United States, the 
aggregate consisting of quartz sand and gravel. 
The 12 per cent. of specimens which did not fail 
were made from cements containing purposely, 
or adventitiously, added air-entraining agents. 
These specimens were still in excellent condition 
after seven winters and 986 cycles of freezing and 
thawing. A check on these Treat Island tests was 
made in 1941 by exposing 38 similar specimens, 
made from 38 of the original cements, in the open 
at West Point. After two winters of exposure, 
giving 350 cycles of freezing and thawing, 90 per 
cent. of these specimens had failed, the remaining 
10 per cent. being made from cements containing 
air-entraining agents. These specimens showed no 
significant change after six winters of exposure. 
The Treat Island tests were followed by others in 
1942, in which the same cements were used in con- 
junction with four different aggregates. These 


‘showed that the durability of the several cements 


was not altered by the type of aggregate. 

The whole programme of tests of which the results 
are given in the report included investigations 
of blends of Portland cement with natural cement ; 
the use of Vinsol resin, Pozzolith and Plastiment ; 
the effect of various types of aggregate; the 
use of high-alkali cements; the effect of absorp- 
tive form-lining for moulds; and the relative 
results of concrete mixing in air or in a vacuum. 
The summarised results of the whole series begins 
with the statement that the profoundly beneficial 
effect which the purposeful entrainment of properly 
regulated quantities of air has on the durability 
of concrete is the most important fact developed. 
Of the air-entraining agents tested, neutralised 
Vinsol resin is the one on which the largest amount 
of conclusive data on effect on resistance to natural 
weathering is available. If properly used, this 
material will increase the durability of concrete 
uniformly. Pozzolith, which is advertised as a 
cement-dispersing agent, does entrain air, and its 
use will generally, but not always, increase the dura- 
bility of concrete. Variation of durability appears 
to be attributable to the sensitivity of this admixture 
to the chemistry of the Portland cements used. The 
admixture Plastiment is not an air-entraining agent. 

It was determined that the presence of properly- 
entrained air does not render concrete containing 
unsound aggregates immune to attack by frost 
action, and that the use of natural cements blended 
with Portland cements greatly improves the dura- 
bility of concrete if the natural cements contain 
appreciable quantities of an air-entraining agent. 
The+ use of absorptive form-lining materially 
improves the durability of formed concrete surfaces. 
The quality of a horizontal construction joint in 
mass concrete appears to be governed very largely 
by the quality of the concrete immediately below 
the plane of the joint. If the concrete in this zone 
is relatively undisturbed and free from bleeding and 
other segregation in the hardening stage, the need 
for special clean-up procedures is relatively small. 
No practicable amount of post-hardening clean-up 
will make a joint durable if the concrete has bled 
badly and is porous. Since bleeding can be regu- 
lated and should be minimised, but cannot be 
eliminated entirely, the use of wet sand-blast or an 
air-water jet to remove debris, laitance, incrusta- 
tions and stains, just prior to the placing of the 
succeeding lift, appears to be desirable. 
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NOTES. 


THE InsTITUTION OF MECHANICAL ENGINEERS. 

An extra general meeting of the Institution of 
Mechanical Engineers, held in connection with the 
Applied Mechanics Group of the Institution, was 
held in London on Friday, December 12, the chair 
being taken by Dr. 8. Livingston Smith. Two 
papers were presented, namely, ‘‘ Basic Physical 
Properties relied upon in the Frozen-stress Tech- 
nique,” by Mr. W. A. P. Fisher, B.A., and ‘“‘ Modern 
Applications of Photo-Elasticity,” by Mr. R. B. 
Heywood, B.Sc. The first of these papers dealt 
with the method of “ stress-freezing ” by the use of 
the thermo-setting resin, Catalin 800, for the study 
of photo-elasticity. This material, like certain 
other thermo-setting plastics, deforms easily under 
load when heated and, if allowed to cool under load, 
set again in the strained condition, both the strain 
and the photo-elastic effect being retained. While 
in the thermo-plastic condition, it obeys Hooke’s 
Law very accurately, though the Young’s modulus 
is reduced to less than 1 per cent. of the value at room 
temperature. A second valuable property is that 
careful cutting or machining, after cooling, does not 
affect the photo-elastic pattern. An effect which 
must be allowed for, the author pointed out, is that 
the heating causes tensions to be set up at the 
surface, with corresponding compression in the 
adjacent material within the specimen. This so- 
called “rind effect” can be minimised by heating 
as rapidly as possible. Mr. Heywood’s paper dealt 
with the developments which have taken place in 
photo-elastic technique during the past 12 years, 
and their application more particularly to the design 
of aero-engine parts. A summary was given of the 
properties of the resins principally used in photo- 
elastic work, and attention was given especially to 
the procedure for evolving the best form of fillet to 
meet particular conditions. Descriptions were 
included of the methods of two-dimensional and 
three-dimensional analysis of stress, with various 
examples of their application. 

L.P.T.B. CentraL Line EXTEnsion. 

The fourth and largest extension to the Central 
Line, of the London Passenger Transport Board, 
to be brought into use since the war, was formally 
opened by the Rt. Hon. Alfred Barnes, P.C., M.P., 
Minister of Transport, on Friday, December 12, 
and opened to the public on the following Sunday. 
It is seven route-miles in length, at the eastern end 
of tne line, and extends from Leytonstone through 
Snaresbrook and South Woodford to Woodford, on 
the main Central Line; and from Leytonstone 
through Wanstead, Redbridge and Gants Hill to 
Newbury Park on the Hainault loop. The former 
extension will be further extended to Epping, 
Ongar, etc., at a later date, and the latter extension 
forms part of the proposed Hainault loop, which 
will be completed when the line is opened from 
Newbury Park, through Hainault, etc., to Wood- 
ford. At a reception held after the opening, at the 
Valentine Hotel, Gants Hill, Lord Latham, chair- 
man of the London Transport Executive, which 
takes over from the L.P.T.B. on January 1, 1948, 
described the works on the extension. The credit 
for it, he said, was due to Lord Ashfield, who had 
been chairman of the L.P.T.B. since 1933 until a 
few weeks ago. Mr. Barnes spoke with personal 
knowledge of what the new extension would mean 
to the long-neglected passengers of the north-eastern 
residential areas of London. Sir Ronald Matthews, 
who also spoke, was making what may be his last 
public appearance as chairman of the London and 
North Eastern Railway, as he reminded the audience 
by his reference to the “19 days that were left” 
to him in that capacity. The new extension has 
cost 3,000,000/., and the seven stations include 
Gants Hill, which contains a large underground 
concourse, 150 ft. in length, and is the Board’s 
most modern station. The part of the Hainault 
loop to Newbury Park is in tunnel, and passes 
beneath the River Roding. This tunnel was 
almost completed in 1940, but it was used as an 
underground factory for the production of muni- 
tions from 1942 to 1945. The Woodford line incor- 
porates existing L.N.E.R. tracks, which have been 
electrified. The works envisaged in the 1935-1940 
programme of extensions and improvements for the 





eastern suburbs of London are not yet complete, 
however, as, in addition to the final extensions of 
the Central Line, work is still in progress on the 
electrification of the L.N.E.R. line to Shenfield. 


Exvecrric Service CaBLEs FoR SMALL Hovszs. 


The British Standard Code of Practice No. 322.101, 
which deals with the “ Provision of Electricity 
Service Cables for Small Houses,” has now been 
published. This document is of interest since it is 
the first electrical code in the Installation of Services 
series to be issued in final form. It deals with the 
provisions which should be made for service cables 
from underground or overhead distribution systems 
to small houses, such as have been designed as 
family dwellings and in which the maximum con- 
tinuous demand is not likely to exceed 60 amperes 
(14-4 kW at 240 volts). It contains recommenda- 
tions regarding the size, protection and laying of 
the cable for underground distribution systems. 
Descriptions are also given of suitable methods of 
running the service cable from the cable entry to 
the point where the consumer’s supply is controlled. 
In the case of overhead distributing systems advice 
is given on the overhead span conductors from the 
distribution poles, and regarding the fixtures at 
the points where they are attached to the con- 
sumer’s supply position. It is laid down that the 
service cable, whether underground or overhead, 
should normally be 0-225 sq. in. in cross section, 
except where the length is abnormally long, in which 
case the size should be determined by the voltage 
drop. Where one cable supplies two houses, its 
cross-section should be 0-04 sq. in. Underground 
service cables should be paper-insulated and lead 
sheathed. Normally, they may be unarmoured and 
should comply with B.S. 480. The live conductor 
of an overhead service should have a weather- 
resisting covering. The neutral conductor, however, 
should be bare and should be run above the live 
conductor. The use of cable laid up as twin is 
not recommended. Shackle insulators, generally 
brown in colour, should be used and should be 
supported on brackets. The lead-in cables should 
be vulcanised-rubber insulated, proofed-taped, 
varnished-cambric taped, cotton-braided and 
weather-resisting compounded. Copies of thg code 
may be obtained from the British Standards 
Institution, 28, Victoria-street, London, 8.W.1, 
the price being 1s., post free. 


British Patent Law. 


At a meeting of the Association of Supervising 
Electrical Engineers, held in London on Tuesday, 
December 16, Dr. A. P. Thurston, M.B.E. 
F.C.L.P.A., presented a paper on “ British Patent 
Law and the Importance of Inventions to National 

.” After tracing the development of patents 
from the “‘ monopolies ” of the Fourteenth Century 
to the enactment of the Statute of Monopolies in 
1624, and the gradual growth of British patents 
legislation from that point, Dr. Thurston proceeded 
to summarise the present procedure and to mention 
certain modifications of recent introduction—for 
example, the provisions which now exclude inven- 
tions for perpetual motion from the grant of Letters 
Patent. The difficulty of applying such rules, how- 
ever, was indicated by the fact that one foreign 
patent office had refused to grant a patent for the 
electric transformer on the ground that it was 
contrary to Nature. One of the most valuable 
sections of the paper was that dealing with the 
respective rights of employers and employees in 
cases of inventions made by an employee in the 
master’s time or in circumstances associated with 
his employment. It is important, Dr. Thurston 
emphasised, that an employee, when entering the 
service of a manufacturer, should know exactly 
how he stands with regard to any invention that 
he may make ; but he admitted that “‘ this question 
of employer and employee is teeming with diffi- 
culties.” With the growth of national control 
over many vital industries, he added, its effect on 
the national inventive capacity should be carefully 
watched, lest Britain’s position as an industrial 
nation should be prejudiced; it was a general 
experience throughout the world that inventors 
were often at a disadvantage in dealing with Govern- 
ment departments. He suggested that the time 
was ripe for the appointment of a Commission on 





Patent Law on Awards to Inventors, to be repre- 
sentative of men having the inventive faculty and 
in sympathy with the development of invention 
rather than representative of Government depart- 
ments. 


New ZEALAND GOVERNMENT RalLways. 

The general manager’s report on the New Zealand 
Government Railways for the year ending March 31, 
1947, shows that the difficulties of post-war railway 
operating are substantially the same in New 
Zealand as in Europe and this country. There is a 
shortage of staff, the rate of turn-over of labour is 
high, coal supplies are short, the efficient use of an 
inadequate number of wagons is hampered by the 
operation of the five-day week, and costs have 
increased all round. The gross revenue for the 
year was a record high figure, the 1-52 per cent. 
increase over the revenue for the previous year 
being attributed largely to a substantial increase in 
revenue from road-motor services. Nevertheless, 
owing to an even greater increase in expenditure, 
the net earnings, which had dwindled steadily since 
1942-43 (the earliest year for which figures are given), 
became a loss in the year under review, and this 
loss has been recovered from vote “ Economic 
Stabilisation.” In presenting his statement, there- 
fore, the Minister of Railways, the Hon. R. Semple, 
was obliged to announce that fares would be increased 
by 15 per cent. and freight rates by 20 per cent. on 
September 14, 1947. It was anticipated, however, 
that a subsidy of 544,000/. would be required for the 
year ending March 31, 1948, but that no subsidy 
would be required for the following year. Passenger 
services during the year were further curtailed 
owing to the coal shortage, and a reduction in 
receipts from the armed Forces resulted in a decrease 
in passenger revenue of 16-84 percent. The tonnage 
of goods traffic, however, increased by 1-29 per cent., 
and the revenue by 4-56 per cent. The proportion 
of soft coal to total coal used having been reduced 
slightly since the previous year, the pounds of coal 
per 1,000 gross ton-miles were reduced from 416 to 
410. About 6 per cent. of the total coal consumed 
was imported from the United States and Canada, 
the cost per ton, of course, being considerably higher 
than that of indigenous coal. Two locomotives 
were converted to burn oil and were put into service 
towards the end of 1946. Their fuel running costs 
are between those for locomotives burning New 
Zealand coal and American coal, and it is hoped to 
have a further 28 converted engines in traffic by 
the end of March, 1948. The total locomotive 
running cost rose from 50-44d. per locomotive-mile 
for 1945-46, to 58-23d. for 1946-47. On the 
commercial side, the co-ordination of road and rail 
goods services to which we referred in our 
of the previous report, on page 101 of the 163rd 
volume (1947), has met with considerable success ; 
but the general manager took pains to emphasise 
the need for discretion in this matter. In particular, 
an increase in road haulage means a decrease in rail 
haulage ; the substantial fixed costs associated with 
railway working have thus to be spread over a 
reduced volume of traffic, and rates have to be raised. 
This is aggravated by the fact that the road haulier 
generally attracts the high-rated traffic, leaving the 
low-rated traffic to the railways. In anticipation 
of the construction of a fertiliser works at Hawke 
Bay, the Railways Department has taken steps to 
select a site for a suitable marshalling yard adjacent 
to Port Ahuriri. An interesting development has 
been the introduction of a daily cargo service by air 
between the North and South Islands, and linking 
up with the railway services. In the first seven 
weeks, 1,877,254 lb. of freight were carried ; the 
total revenue was over 6,2071., and the profit was 
more than 1321. 





NAVAL CADETSHIPS AT THE ROYAL NAVAL COLLEGE.— 
The Admiralty announce that the next examination for 
cadetships at the Royal Naval College will be held in 
February, 1948. Candidates must have been born 
between August 1, 1934, and November 30, 1934, and 
their completed application forms must be received by 
the Admiralty not later than January 10, 1948. The 
educational test is the common examination for entrance 
to public schools, in English, history, geography, Latin, 
or science, arithmetic, algebra and geometry, and French. 
Application forms and regulations may be obtained 
from the Secretary of the Admiralty (C.W. Cadets). 
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LORD RAYLEIGH, F.R.S. 


Lorp Ray eicu, whose death, we regret to record, 
occurred at Terling Place, Chelmsford, Essex, on 
Saturday, December 13, at the age of 72, after a 
heart attack, had had a distinguished career as a 
physicist ; and was well known for the part he 
played in the development of scientific research 
through his membership of various official and other 
committees. 

Robert John Strutt, afterwards fourth Baron 
Rayleigh, was born on August 28, 1875, his father, 
the third Baron, being the well-known scientist who 
discovered argon and did much pioneer work on the 
determination of the values of electrical units, as 
well as in optics and sound.. The family had long 
been established as landowners in Essex; and its 
members took a considerable interest in agricultural 
pursuits. Strutt was educated at Eton and Trinity 
College, Cambridge, where he obtained a first class 
in Parts I and II of the Natural Science Tripos ; 
and, after working for some time under J. J. 
Thomson in the Cavendish Laboratory, was elected 
a Fellow of Trinity in 1900. In 1908, he was 
appointed Professor of Physics at the Imperial 
College of Science and Technology, South Kensing- 
ton, a post from which he resigned in 1919, the 
year in which he succeeded to the title. Thereafter, 
he devoted himself to research in the laboratory, 
which had been established by his father at Terling, 
and to work in connection with various public 
organisations. These included the chairmanship of 
the executive committee of the National Physical 
Laboratory and of the governing body of the 
Imperial College of Science and Technology. He 
also served on tife advisory council of the Depart- 
ment of Scientific and Industrial Research, and as 
chairman of the Civil Research Committee on 
Radium Requirements. 

As a scientist, Lord Rayleigh will probably be 
best known for his work on radioactivity. This 
included an investigation into the amount of radio- 
active material in various minerals and rocks, which, 
in turn, led to the discovery of a method of deter- 
mining the age of rocks. He also undertook a 
number of researches in spectroscopy and, with 
Professor Fowler, detected the presence of ozone 
in the upper atmosphere, a discovery which is of 
importance in meteorology. His interests, however, 
covered a very wide range, although not all con- 
nected with physics; and he was a skilled experi- 
mentalist. 


; He contributed a number of papers to various 
scientific societies, but the best known of his publi- 
cations was probably The Life of Lord Rayleigh, 
which appeared in 1924. In this he gave an 
excellent account of his father’s scientific work, 
although he also succeeded in his aim of depicting 
him as a man. In fact, a good deal of discrimina- 
tion was exercised in selecting the matter used, 
the topics discussed being chosen for their com- 
parative simplicity and for their bearing on the 
external circumstances of the subject’s life. This 
course was justified, as his father had left six large 
volumes of collected scientific writings. In 1942, 
he published a Life of Sir J. J. Thomson, in which 
the skill he had exercised in the earlier work was 
again amply manifested in a combination of scien- 
tific analysis and treatment of personality. 
Rayleigh was elected a Fellow of the Royal 
Society in 1905, and served as foreign 
from 1929 to'1934. He was a recipient of the Rum- 
ford Medal; and also had the unusual distinction 
of delivering the Bakerian Lecture both in 1911 
and in 1919. He was president of the Physical 
Society from 1934 to 1936, and in the former of 
these years was also joint president of the Inter- 
national Congress of Physics, which was held in 
London. In 1929, he was president of Section A 


of the British Association and president of the 
Association itself in 1938, when the annual meeting 
was held in Cambridge. He received honorary 
degrees from the Universities of Durham, Edinburgh 
and Dublin, and was also a foreign member of the 
Dutch Society of Sciences, Haarlem. 


STEAM CONDENSERS WITH 
ROLLED-IN TUBES. 


By W. H. Dunx.ey, B.Sc.(Eng.), M.I.E.E. 


Tue older methods of fixing tubes in condensers 
left at least one end free to slide in a gland. No 
perfect packing has been invented. Skilful main- 
tenance can hold such a condenser leak-free, but any 
sudden heating, or slight neglect, leads to leakage, 
boiler-water fouling, or excess use of control 
chemicals, and often to troubles from the carry-over 
of solids to the stéam-using plant. The obvious 
solution is to roll the tubes at both ends into the 
tube plates. The term “‘roll-in” is used to avoid 
confusion with ‘‘expansion” in another sense of 
thermal expansion. The American term is more 
sensible. 

The writer has had considerable experience of 
condenser leakage at packed glands, with or 
without ferrules, using corset lacing, sewn grummets, 
and various metallic packings. Leakage was 
always likely and was generally present in some 
degree. In specifying a recent 30-MW _ turbo- 
alternator with twin condensers, therefore, he 
required all condenser tubes to be rolled-in. 
Theoretically, a condenser with no packed joints 
but with tubes properly rolled-in at both ends 
should be perfectly leak-free. Can this be obtained 
in practice ? The answer is a very positive ‘“‘ Yes,” 
as the experiences described will show. 

The use of “all-rolling-in” directs attention 
to the following points on a condenser. (1) The 
method of allowing for differential expansion 
between the steel of the shell and, say, the brass of 
the tubes; this expansion is about 0-009 in. per 
foot of tube length for a range of 180 deg. F. (32 deg. 
to 212 deg.). (2) Alterations to staying. (3) The 
possibility of effects on vibration characteristics. 
(4) How to make reliable rolled-in joints quickly. 

Provision for expansion can be made either by 
fixing the tube plates and suitably bowing the 
tubes; or by putting an expansion joint in the 
shell and leaving the tubes straight, or, at any rate, 
not bowed to take up expansion. 

The writer made a series of experiments with a 
tube set up on a test bed in the manner intended 
in the condenser, to find what limiting forces might 
be exerted by a single tube fixed between rigid tube 
plates, should the tube temperature rise 180 deg. F. 
The method was to compress a tube axially by spring 
balances by an amount equal to the calculated 
differential expansion. With a tube of } in. outside 
diameter, 18-gauge thick and 15 ft. 9 in. long, bowed 
in S form with + } in. offsets, a force of 450 lb. was 
required ; with + } in. offsets, 520 lb. was re- 
quired 


It was clear that, unless an expansion joint 
were used, to roll-in 4,396 such tubes in one con- 
denser on a tube plate 8 ft. 6 in. in diameter was 
unwise. No way of calculating the stresses in the 
tube plate a to be available, nor even of 
calculating the total forces in equilibrium on a tube 
plate which is not infinitely rigid. Accordingly, a 
Rose’s patent expansion ring of rolled steel was 
incorporated in each condenser shell. Later mea- 
surement showed on the completed condensers that 
almost all the differential expansion movement 
appeared at these rings, and that the tubes were 
under no compressive stress beyond that required 
to move the joint, pamely, 170 Ib. per thousandth 
of aninch. If the set were open to the atmosphere 
long enough to reach 212 deg. F. throughout the 
condenser, the differential expansion above 60 deg. F. 
would be 0-118 in., and the force on the e 
joint 20,060 Ib., an average of 4-56 lb. in each of the 
4,396 tubes. In view of the large force required to 
compress the tubes axially, it was obvious that no 
stays were needed between the tube plates. 

To minimise leakage risks, the only holes through 
the tube plates should be tube holes. The writer 
is satisfied that it is quite unnecessary to support 
the tube plate by any stays, and that means can 
be found to seal the water-head diaphragm against 
the tube plate on the inlet/outlet end of a two-pass 
condenser, without cutting any other holes in the 
tube plate. A simple rubber seal would meet the 








In the time and with the facilities available for 
exploring the subject, no systematic research on 
vibration could be made. The policy adopted was 
to support the 15-ft, 9-in. tubes in three sag plates, 
set off the nodes of vibration from 2 in. to 3in. To 
minimise the effect of possible vibration of the 
separate sections between the sag plates, the sag- 
plate holes were made nominally 0-005 in. larger 
than the outside diameter of the tube. When 
the tubes were 8 bowed by } in., they lay tight in 
the sag-plate holes. This should prevent fretting 
at the sag plates. A check was made on the test 
bench to ensure that, under all conditions of axial 
compression, the configuration of the tube was 
stable ; that is, it would not jump from one shape 
to another at any time. Configurations could be 
arranged under which this was possible. There 
appeared to be no reason why rolling-in at both 
ends should make a given tube configuration more 
liable to vibrate than when one end was 

Rolling-in requires that uniformly tight joints 
shall be produced at high speed, and that the 
sequence of closing in the second ends shall be so 
ordered as to avoid distortion of the tube plates or 
unforeseen stresses on the tubes. The work of 
Messrs. Fisher and Cope, of the Detroit Edison Com- 
pany, was taken as the basis of practice in producing 
uniform joints. Their method depends on the use 
of a current-limiting relay to define the end point 
of the rolling-in operation. They found, and the 
writer confirmed it to be true within practical limits, 
that, for }-in. tubes, 18 gauge thick, the push-out 
strength of the joint was related to the horse-power 
applied to the rollers at the end of the rolling-in 
process. Tests were made daily, and Table I, 
herewith, summarises the findings. It should be 


TABLE I.—-Strength of Tube Joints. 























Push-out, tons. 

Motor No, of Mean 
Cut-out Tests. Devia- 
amperes. Average. | Max. Min. tion, 

| 

0-70 8 0-822 | 1-032 | 0-565 0-117 

0-75 18 0-986 1-235 0-711 | 0-118 
By hand 6 0-939 | 1-249 | 0-576 | 0-182 

0-75 j 24 1-048 | 1-312 0-691 0-159 








noted that the test rings used for this purpose were 
produced in the same way as standard tube plates ; 
that is to say, by drilling. Accordingly, greater 
variations of push-out strength were found than 
Fisher and Cope reported. They carried out their 
tests under conditions that were more rigidly 
controlled as to circularity and parallelism of tube- 
plate bore, and as to exact hardness of tube ends. 
Here the tube (of 70: 29:1 brass) in all test pieces 
was annealed at 600 deg. C., but was not tested for 
hardness. 

The illustrations, Figs. 1 and 2, opposite, show the 
tool kit used. Figs. 3 and 4 show the }-in. Wick- 
steed rollerexpander. Fig. 5 shows the 1-in. flexible- 
shaft joint. The tool components were a Black and 
Decker No. 8 tap gun, fitted with a Burgess R.R.L. 
Microswitch, opened when the tool is being offered 
to the work. A G.E.C. 2D43078 current-limiting 
relay, tripping at any value between 0-5 and 
1-0 ampere with a tolerance of 2 per cent., and a 
double-circuit contactor complete the electrical 
portion. The connections are shown in Fig. 6. 
On plugging-in to the mains, the contactor is closed 
by current from tlie line L via the coil K and Micro- 
switch I to neutral. The contactor is held in via 
the circuit L, K, J, A, as soon as it closes. The tool 
is advanced to the work with its trigger switch E 
closed and the motor running, and the switch I is 
opened by the thrust exerted by the hand to keep 
the gun in forward gear. The roller is self-feeding ; 
that is, it has a lead. When the gun current rises 
to the value set on the relay, the relay trips, de- 
energising the contactor, and the motor stops. 
The motor is restarted by withdrawing the tap gun, 
which closes I. The mandrel drive is then in 
reverse, under the action of a spring at the back of 
the chuck. This tool can be used comfortably to 
roll-in tubes at the rate of six to eight per minute. 
The operator exerts only very slight effort. No 
change in the reliability of the push-out strength 
was found when a new operator, without experience 
of the tool, took it over. 
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CONDENSERS WITH ROLLED-IN 
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To avoid distortion of the tube plates, and casual 
stresses in general, it was found in the United 
States that a considered sequence must be followed 
in closure. Thus, when one end of all tubes had 
been rolled in, final closure was made by first tacking 
in groups of about 20 tubes to the pattern shown on 
Fig. 7. The reference numbers indicate the sequence 
of closing the tacking groups. This condenser, which 
contains 4,396 }-in. tubes arranged on the Délas- 
Ginabat system, is 8 ft. 6 in. in diameter, 15 ft. 9 in. 
between tubeplates, and has a cooling surface of 
13,500 sq. ft. The quantity of cooling water passing 
is 1,250,000 gallons per hour. 

To check the behaviour of the tubeplates, a 
straight edge was laid across the lidless water box 
on three diameters, namely, vertical, and at 45 deg. 
on each side of the vertical. On each diameter, 
eight measuring points were marked. An internal 
micrometer was used to measure the tubeplate 
movements. During the closing-in period, the 
maximum movement of any part of the tube plate 
was 0-011 in. The average movement at the 
24 points was 0-002 in. outwards at the cooling-water 
inlet and outlet, and 0-002 in. inwards at the opposite 
end. During rolling-in, a test piece was taken twice 
daily from the operator, this being a short length of 
annealed tube rolled into a dummy ring. This 
was proved on a testing machine as a control of 
the performance of the operator and the tools. 
After rolling-in, the condensers were filled with 
water and its temperature raised to 120 deg. F. 
They were leak-free when hot, and remained s0 
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when cooled. All the calculated expansion differ- 
ential appeared on the expansion rings in the 
condenser shell. 

The condensers reported on were put to work in 
December, 1946. The only leakage that has occurred 
was due to a small drain return having been fitted 
without its dispersing nozzle; a tube was cut 
through by the jet. No leakage on the condenser 
is detectable by conductivity instruments. No 
work whatever has had to be done on the condenser- 
tube joints. A typical test for leakage gave the 
results shown in Table II, herewith. 


TABLE II.—Leakage Test of Tube Joinis. 











Conductivity (Reciprocal of Megohms, 
per Cubic Centimetre). 
Time, Load, 
Hrs. MW. Cool 
ng 

Condensate. Steam. Water. 
17-35 28 1-0 1-5 380 
17-40 24 1-0 1-5 380 
17-50 20 1-0 1-5 380 
17-54 18* 1-0 1-5 380 
18-05 14 1-0 1-5 380 
18-17 8 0-8 1-5 380 

















* Recirculation of condensate commenced. 


Fig. 8, herewith, reproduced by courtesy of the 
Yorkshire Copper Works, Limited, shows a typical 
tube which was removed from a condenser after 
ten years’ service. The tubes in this condenser 





were } in. outside diameter, 18 S.W.G. in thickness, 
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and 17 ft. 8 in. long, and were rolled-in at one end 
and ferruled. at the other. The metal is normal 
hard-drawn brass, of 70-29-1 composition. Sporadic 
packing leakage had been rectified in the usual way 
by tightening the ferrules. There was no wastage 
or thinning of the wall, either of mechanical origin 
or due to corrosion, Circumferential fatigue cracks 
appear to be due to the prevention of end movement 
in straight tubes by solidified packing on a reduced 
diameter. 

Obviously, nothing can be done with this con- 
denser, except to renew a large number of tubes, if 
serious service failures are to be prevented. It is 
possible that, if the tubes had been bowed, the 
fatigue cracks might not have appeared, or their 
appearance might have been delayed. The defect 
shows that, if packed joints are to be leak-proof, 
they cannot be depended upon to act as expansion 
joints. If tubes are bowed, however, their ends 
have a greater tendency to cause leakage in the 
packings by expansion movements. This dilemma 
vanishes in the all-rolled design. 

The all-rolled design should cost no more than 
others; in fact, with attention to design details, 
it can save money. In the case reported, the follow- 
ing savings were estimated: omission of plate- 
machining for ferrules, 26/. ; omission of ferrules and 
grummets, 174J.; reduction of erection cost, 1371. ; 
and reduction in test and follow-up costs, 20/., mak- 
ing a total of 3571. No credit is taken here for stays 
omitted. The pair of rolled expansion rings, 
8 ft. 6 in. bore, cost 4911. This expense, however, 
does not appear necessary, as a simple fabricated 
construction can be used to take up expansion. 
In the case reported, the shells had been partly 
fabricated before the design was changed. 

References in technical literature to the subject 
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of rolled-in condenser tubes are few. Much of what 
exists was kindly listed for the writer by Mr. G. H. 
van Hengel, of the Detroit-Edison Company, who 
have standardised this practice for many years, 
and the most important items are cited below. 

** A Study of the Expansion of Condenser Tubes.” 
Prime Movers Committee, National Electric Light 
Association, U.S.A. July, 1928, pages 23 and 27. 

*“New Method for Uniform Rolling-in of Con- 
denser Tubes,” by F. F. Fisher, Edison Electrical 
Institute, September, 1941, page 373. 

* Automatic Uniform Rolling-in of Small Tubes,” 
by F. F. Fisher and E. T. Cope, Trans. A.S.M.E., 
vol. 65, page 53, January, 1943. 

“Modern Condensing Plants,” by V. Toedtli. 
Brown Boveri Review, September-October, 1942, 
page 272. 





NOTES FROM SOUTH AMERICA. 


Tue Latin-American markets for engineering and 
other capital goods assume added importance because 
of the precedence to be given to the “ hard-currency ” 
markets in Britain’s export drive. Both Argentina 
and Uruguay are prosperous and urgently need British 
manufactures, so that a successful outcome is expected 
from the British missions which are visiting those two 
countries to settle the related subjects of foreign trade 
and sterling balances, as well as the future of British- 
owned utility companies. A successful outcome is all 
the more to be expected because the inconvertibility 
of sterling is forcing trade between the River Plate 
and Britain back to its normal pre-war a 
structure, assisted by many years of traditional friend- 
ship. In Argentina, particularly, the market for 
British goods is limited only by Britain’s capacity to 
produce and export the types of products which 
Argentina urgently requires, particularly machinery 
and transport items. Argentina must make serious 
attempts to obtain from industrial nations overseas 
such goods as iron and steel products for public utility 
services—rail andg road transport, electricity, gas, 
waterworks, air lines, river shipping, port installations 
and petroleum drilling and refining equipment. In all 
these directions, Britain is admirably situated to offer 
the necessary manufactured supplies as well as scientific 
and technical skill which, in Argentina, is inadequate. 

Out of the total sum of 6,790 million pesos (say 
400,000,0001. sterling) which is to be spent upon the 
Argentine Five-Year Plan of 1947-51, as much as 
3,710 millions relates to public works and transport, and 
2,235 millionsis for the national power scheme. Apart 
from the Five-Year Plan, private New York estimates 
place Argentina’s immediate needs at around 500 
million dols. worth of transport equipment, comprising 
1,000 locomotives, 10,000 freight cars, 5,000 ‘buses, 
50,000 er automobiles, and 20,000 trucks, in 
addition to rails and other associated equipment. 
Further reports from New York quote the United States 
Department of Commerce to the effect that contracts 
for public works, estimated to cost nearly 60 million 
dols., are shortly to be placed by the Argentine Ministry 
of Public Works, these to include the construction of 
six hangars, a two-way tunnel under the Riachuelo 
River and a canal between Buenos Aires and the 
Parana River, and for dredging in the River Plate. 

Sharp competition with British goods will be forth- 
coming, notably from the United States, but also from 
Europe ; for example, a recent reciprocal trade agree- 
ment between Argentina and Italy provides that the 
former will supply farming products in exchange for 
many Italian manufactures, such as agricultural and 
industrial machinery, electric power plant, motcr 
vehicles, railway rolling stcck and ships. Good advice 
to British exporters is forthcoming from Lord Davidson, 
the Presideft of the Engineering Industries Association, 
who has an intimate knowledge of Argentina and has 
just returned from one of his periodical visits there. 
He emphasises, first, that servicing, assembly and 
supplies of spare parts should be planned well ahead 
of delivery. Secondly, that British manufacturers 
must employ only the most reputable and efficient 
agents. finite evidence exists that second-class, 
inexperienced, and “ get-rich-quick” agents have 
mishandled British goods. Lack of interest and super- 
vision by agents means that goods—perhaps delicate 
machinery—are roughly handled on arrival and often 
damaged. They may be badly stored and even wrongly 
assembled, so that when they reach the consumer 
they are unreliable and even useless. 

The first of four floating docks bought in the United 
Kingdom by tender has arrived at the naval base cf 
Rio Santiago, near Buenos Aires. Argentina has 

urchased in the United States, at a cost of 4,200,000 

.S. dols., a vessel of 3,100 tons, which is described as 

one of the largest head-suction in existence. 


The Flota Fluvial del Estado (Argentine State River 
Merchant Fleet) has received from the United States 


& tugboat and four lighters, all of the type used on the 
Mississippi, which represent part of a buying programme 
involving the expenditure of 105 million pesos (about 
6,000,0002.). 

Brazil’s latest trade figures cover the first half of 
1947, and show that, while trade continued mainly 
with the United States, imports from the United 
Kingdom were nearly double value of those in the 
corresponding period of 1946 ; in the case of machinery 
and tools, the expansion is to considerably more than 
double the previous figure, and, in the case of electrical 
plant, to nearly three times. In connection with the 
extensive programme of hydro-electrification, a pros- 
pectus was recently issued in‘Rio de Janeiro for the 
formation of the Companhia Hidro-Electrica do Sao 
Francisco, having a capital of 400 million cruzeiros, 
of which half will be provided by the Government 
and the balance offered for public subscription. The 
object of the company is to develop electrical ene 
from the Paulo Affonso Falls, by means of a 440,000-k 
power-station, as part of a plan for industrial develop- 
ment in the Séo Francisco valley. 

Brazil’s transport problem is even more urgent 
than that of Argentina. The Federation of Industries 
of the State of Séo Paulo is to propose to the State 
authorities that they should build a naval yard at 
Santos, capable of constructing vessels up to 5,000 tons ; 
and that a dry or floating dock, to take vessels up to 
15,000 tons, should also constructed at Santos by 
the State Government. The Lloyd Brasileiro shipping 
line, which is owned by the Brazilian Government, has 
acquired several new ships from the United States and 
Canada. With reference to recent schemes for an 
underground railway in Rio de Janeiro, it is reported 
there that the local Light and Power Com (a 
subsidiary of the Brazilian Traction Pes oy Ma 
now presented a pro for the construction of 
this railway which, mse of the city’s vertical 
expansion within a limited area, is considered to be 
the only method of tackling the congested traffic prob- 
lem. In July, 1945, a contract was signed between 
the Central of Brazil Railway and the Metropolitan- 
Vickers Electrical Company forthe supply of 90 passen- 
ger cars for use on the railway’s electrified suburban 
lines. The first of these 30 three-car trains was to be 
shipped in November, delivery having been delayed 
by a shortage of material. It is expected that two 
more of these units will be received before the end of 
1947, and that shipments thereafter will be effected 
at the rate of two three-car sets per month. The 
Central of Brazil Railway intends to build similar cars 
for use on the Séo Paulo suburban lines, which are now 
being electrified ; some of the material required for this 

has been imported already. 

The Export-Import Bank of Washington is to grant 
credits to Mexico totalling 13 million dols., of which 
7,000,000 dols. will be used in the purchase in the 
United States of materials and equipment for improving 
various Mexican State Railways; the balance is for 
equipment for new sugar mills and meat-canning 
plants. Colombia is also a prosperous country in a 
relatively early stage of development, which provides a 
promising field for capital works in which Britain could 
profitably offer technical skill as well as materials. 
Under Colombia’s present system of exchange quotas, 
preference is being given to agricultural, industrial and 
mining machinery and spare parts, transport equipment, 
irrigation pumps, grain silos, motors, electric plants ; 
in fact, all equipment for local industries considered 
indispensable to the national economy. The munici- 
pality of Medellin has been authorised by the Govern- 
ment to issue bills up to 10,000,000 pesos, with terms 
from two to seven years and bearing interest not 
exceeding 7 per cent. per annum, to raise funds for the 
completion of the first hydro-electric power station at 
Rio Grande. The Export-Import Bank financed the 
parchase of machinery for this plant. 

Venezuela also continues very prosperous by reason 
of the ever-growing expansion in the petroleum 
industry, equipment for which is in steady demand. 
British g ially machinery, in which the 
pio ge have confidence based on long experience—are 
well regarded, although there is strong competition 
from the United States in prices and delivery dates. 
The Government are providing additional capital for 
the Corporacién Venezolana de Fomento, to be used 
in developing local industry and agriculture. Borrow- 
ing has been authorised, also, for other important 
projects such as the deepening and canalisation of the 
bar at the sea-mouth of Lake Maracaibo, and for 
port works at Guanta, Maracaibo and La Guaira. 





Some NEw TYPsEs OF SLIP GauGEsS: ERRaTUM.—Our 
attention has been called to an error which occurred in 
the concluding portion of Mr. C. G. Greenham’s article 
on the above subject, which appeared on page 462, ante. 
In the fourth line from the bottom of the middle column, 
the word “ changed ” should have been “‘ charged.”” We 
regret the error. 





ELECTRICAL ENGINEERING 
PROBLEMS IN THE TROPICS. 


In a paper on “ Electrical Engineering Problems in 
the Tropics,” which was read before the Installations 
Section of the Institution of Electrical Engineers on 
Thursday, December 11, Mr. R. Allan said that during 
the past 15 years electric power had been adopted in 
India on a vast scale. ediately in the wake 
of this great surge of development there was likely t 
follow a wave of wi troubles, unless British 
desi and manufacturers of electrical equipment 
awoke to the fact that conditions in the tropics wer. 
formidable factors in the planning of really reliable 
goods for the export market. Unfortunately, designers 
tended to be not only conservative, but incredulous 
The chief factors to be contended with were unskilled 
labour, high temperature and strong sunlight, high 
relative humidity, salt-laden atmosphere, dust, rodents 
and insects. 

As — the effects of these conditions on design, 
the author pointed out that only 5 per cent. of the 
population of India could read and write. Although 
there were good universities and colleges, which 
could deal with the theoretical side of engineering, 
there were few institutions where practical experience 
could be gained and very few experienced teachers. 
The result was, on the one hand, an immense number of 
degree students with no useful practical experience ani|, 
on the other, a very large number of unskilled agri- 
cultural workers who had drifted towards industria! 
centres, where they had been absorbed into the engin- 
eering industries. The educated could do no practical 
work on account of their religious or social status, while 
the uneducated understood little or nothing of their 
work. This labour situation must be borne in mind 
in designing apparatus, which would be erected, 
repaired or maintained in India. For instance, small 
electric drilling machines had a very short life in the 
hands of unskilled labour, usually owing to failure 
to switch off when the motor stalled. Small thermal 
overload trips, which operated as the stalling point 
was approached, should, therefore, be incorporated 
in-all hand tools of this description. Bearing in mind 
the lack of repair facilities, manufacturers should, 
wherever possible, export machines with circular- 
section winding wires throughout, as rewinding with 
machine-formed rectangular-section wire, particularly 
on armatures and rotors, was beyond the capabili- 
ties of most repair shops. No vital point should be 
left to the discretion of the erector. Before the machine 
left the works it should be accurately lined up for air 
gaps, bearings and couplings, dowel pins should be 
fitted and any adjustments made involving the use of 
feeler gauges. Accessibility could not be over- 
emphasised, ially on motors with brush gear. 

Climatic conditions in India varied between the 
extreme‘ north, with temperatures ranging from 
20 to 120 deg. F., and the southern peninsula, with 
temperatures between 70 and 125 deg. F., and day 
and night temperature differences of 15 to 20 deg. F. 
Starting from cold with an ambient temperature of 
52 deg. C. (126 deg. F.), a standard 50 deg. C. rise gave 
a final temperature of 102 deg. C. (215-6 deg. F.), a 
value which designers should bear in mind. Even this 
might be exceeded ; indeed, the temperature reached 
by metal exposed to the sun was often 75 deg. C. 
(167 deg. F.), a formidable value at which to start an 
exposed machine from “‘ cold.”” Under such conditions, 
cotton, linen, paper and similar fibrous insulating 
materials lost their ‘‘ nature ” and tended to disinte- 
grate at about 90 deg. C. (194 deg. F.), while any increase 
over 100 deg. C. (212 deg. F.) scon produced charring. 
The coastal areas of the Indian peninsula were subject 
at all times to high relative humidity, which reached 
90 per cent. or more during monsoon conditions. Ata 
temperature of 90 deg. F. there were 13-2 grains of 
water per cubic foot of air, the water consisting of 
microscopic particles which, when travelling at high 
velocity, were able to penetrate materials and spaces 
normally considered moisture-proof or air-tight, and 
te increase the absorption factor of the insulation above 
what would be found by actual immersion in water at 
low temperature. In addition to breakdowns due to 
high relative humidity, in conjunction with high 
temperature, the effects of falls in temperature, with 
or without condensation, must be taken into account. 
For instance, the type of porcelain used for wiring 
connectors, switch interiors, lampholders and sockets 
lost its normal insulating properties in highly humid 
atmospheres at temperatures between 30 deg. and 
50 deg. C. (86 deg. and 122 deg. F.). The use of 
asbestos in the form of tape or sheet should be avoided 
when possible, as it was highly hygroscopic. Black 
adhesive tape, however, was perhaps the worst offender 
so far as moisture collection was concerned, and its 
employment should be completely banned in the tropics. 

An example of the effect of temperature drop without 
condensation was that of the incoming and outgoing 





bushings breaking down inside a 22-kV outdoor sheet- 
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steel kiosk and flasn-over taking place between phases 
with the bushings 15 in. apart. These faults occurred 
immediately after a heavy shower of rain at the end of 
a hot sunny day, when the temperature of the steelwork 
was sontbhy as high as 72 deg. C. (161-6 deg. F.). The 
hot air within the cabinet therefore rapidly absorbed 
all the available moisture and spray brought in through 
the ventilating ducts, until the relative humidity 
approached 100 per cent. A conducting path of dust- 
ee water particles was thus produced between the 
bushings, causing the flash-over between phases. No 
further trouble was experienced after shellac-coated 
sheets of Bakelite had been placed between the 
bushings to increase and baffle the flash path. Such 
faults might also be overcome by providing complete 
through ventilation at the lowest level. If necessary, 
exhaust fans could be fitted to remove the cold moist 
air. The breakdown of eight 10-h.p. totally-enclosed 
alternating-current motors, owing to drop in tempera- 
ture with condensation causing earthing and short- 
circuiting of the stator windings, was successfully 
overcome by drilling two }-in. holes at each end of the 
base and chisellitig small ducts to collect the condensate. 

Owing to the extremely high temperatures in the 
tropics the rate of evaporation was correspondingly 
high, and the prevailing winds from the sea therefore 
had a large salt-water content. In addition to the 
normal corrosive effect of salt-laden air on metals, 
another type of corrosion had been frequently noted. 
This was caused by a slimy deliquescent deposit of 
caustic soda and sodium carbonate forming in junction 
boxes as the result of the electrolysis of the sodium 
chloride in the plaster. The same type of corrosion 
also took place on porcelain multi-way connectors 
when electrical leakage occurred between the terminals 
owing to dampness. The remedy was to use non- 
hygroscopic materials for junction boxes and to seal 
up connectors and wire ends, or preferably the whole 
box, with a soft-setting compound. The trouble 
caused by rodents was of two kinds: the occupation 
of machines for nest-building and the tearing way of 


insulating material for nest-building elsewhere. Cock- | },,, 


roaches were particularly harmful to automatic tele- 
phones, wireless sets and delicate apparatus, as they 
formed short circuits wherever contacts existed a 
short distance apart. They also ate the insulation 
from vulcanised-rubber cables, as well as Empire tape 
and tubing. Red ants, too, ate insulation of these 
types, but only cables containing red and blue colouring 
matter were attacked. White ants, or termites, de- 
posited moistened mud on walls carrying cables and 
junction boxes, thus producing a good path for heavy 
leakage currents when the insulation was already 
poor. All woodwork incorporated in electrical plant 
must be termite-proof, otherwise its life was likely to 
be very short. Unless all cotton or fabric material 
on windings was thoroughly impregnated it was likely 
to be completely stripped in a very short time. 

As regards wiring systems, vulcanised-rubber cables 
on cleats or in teakwood casing and capping were 
undesirable, and vulcanised-rubber cable in concealed 
conduit was likely to prove troublesome, even when all 
normal precautions had been taken. Tough-rubber 
sheathed cables on teakwood battens were reasonably 
satisfactory and lead-covered cable with earth con- 
tinuity wires on teakwood battens had proved highly 
reliable. It did not appear that plastic-covered cable 
would be suitable for temperatures over about 160 deg. 
to 180 deg. F. and it could not therefore be considered 
for outdoor work either with or without steel conduit. 

The main conclusions drawn by the author were 
that in the mechanical and electrical design of all 
plant for use in the tropics, a generous tolerance must 
be allowed for unskilled labour and extreme tempera- 
ture and humidity, both in combination and separ- 
ately. All working parts must be easily accessible for 
maintenance, and mechanisms should be simplified to 
the greatest permissible extent. Insulating materials 
should be rendered non-absorbent and new temperature 
and moisture-resisting materials, such as glass, plastics 
and high melting point waxes, should be introduced 
as soon as practicable. Closer investigation was 
required into the behaviour of insulating and impreg- 
nating materials at temperatures between 40 deg. 
and 120 deg. C. (104 deg. and 248 deg. F.) and relative 
humidities up to 95 per cent. as well as on the ozonising 
effects of strong sunlight. Resistivity, electric strength, 
power factor, absorption, conductivity and life were 
all affected by increases in temperature and humidity ; 
and in many cases surface resistivity at high relative 
humidity was a much more important factor than 
volume resistivity. All machines and plant should 
be well ventilated, but precautions should be taken 
on the lighter type of article to exclude rodents, 
insects and ants. Where enclosures, short of being 
flameproof, were necessary, provision should be made 
for condensate drainage and balance of air pressure 
due to temperature changes. All manufacturer’s tests 
on export should be carried out under condi- 
tions identical with those under which these goods 
would operate. 





LABOUR NOTES. 


“ Jornt Production Machinery” is one of several 
subjects discussed by the writer of the editorial notes 
in the December issue of the Amalgamated Engineering 
Union’s Journal. ‘‘ For the time being,” he says, “‘ the 
proposal to make the setting up of a Joint Production 
Committee a statutory obligation on all industry has 
receded into the background. Our union sponsored 
this proposal at the annual Trades Union Co: this 
year, with the support of the Vehicle Builders’ Union 
and the Association of Engineering and Shipbuilding 
Draughtsmen. Congress referred it to the T.U.C. 
General Council, and arising out of it, we may say that 
the strong declaration in support of the extension of 
J.P.C’s. throughout industry, made by the National 
Joint Advisory Council, is due. A statement on the 
matter was made in the House of Commons by the 
Parliamentary Secretary to the Ministry of Labour. 
He said that the Government attached very great 
importance to the development of this joint advisory 
machinery, and in the statement he gave to the House 
from the N.J.A.C. it was made perfectly clear that the 
active help of the Ministry was to be made available to 
foster the establishment of J.P.C’s. where they do not 
now exist.” 





Continuing, the writer says: ‘‘A very important 
point was emphasised in this connection in the Minister’s 
statement. Mr. Ness Edwards said that the Minister 
of Labour and the (then) Minister for Economic Affairs 
—now the Chancellor of the Exchequer too—were 
consulting on the question of linking J.P.C’s. with the 
regional industrial boards. There has been some 
opposition to the development, and, of course, it has 
always been possible for the trade-union side of the 
J PC. to make contact with an appropriate Regional 
Board through the Regional Advisory Committee 
functioning under the auspices of the T.U.C.” 





The note goes on to say that “the logic of events 
overcome opposition to the closer association of 
J.P.C’s. directly with the Regional Boards.” “It is 
essential in our view,” it continues, ‘‘ having regard 
to the fact that as the regional machinery of both the 
Government and the unions has to carry the weight of 
the export drive, there should be continuous contact 
with the joint machinery of the workshop. The value 
of the J.P.C. in dealing with bottlenecks and assisting 
to maintain the even flow of production . . . cannot 
be over emphasised.” 


The membership of the Amalgamated Engineering 
Union at the end of November, as indicated in the 
returns received at the head office from branch secre- 
taries, was 827,755—an increase of 7,036 compared 
with the position at the end of October. During 
November, 5,439 members received sick benefit—an 
increase of 173—and 19,980 members superannuation 
payments—an increase of 186. Unemployment benefit 
was paid to 930 members—an increase of 39—and the 
total number of unemployed members was 3,120—a 
decrease of 91. 





“ We think,” the Editor of the Amalgamated Engin- 
eering Union’s Journal says in the December issue of 
that publication, “we may look back upon the past 
12 months as a year of achievement. We com- 
menced the period with the introduction of the 44-hour 
week, which in the bulk of cases, introduced a five 
working-day week. In April, we concluded an excellent 
agreement respecting the recruitment and training of 
juveniles that should have profound results when the 
scheme outlined is in full operation and go some way 
towards the re-institution of the apprenticeships which 
were such a marked feature of an older generation. 
For the first time since its institution in 1920, the 
National Committee this year heard fraternal delegates 
from the Confederation of Shipbuilding and Engineer- 
ing Unions, the National Union of Mineworkers, and 
the Congress of Industrial Organisations... We 
feel sure that such an innovation carries us a stage 
further towards mutual understanding and gets us 
closer to the industrial unity we all desire.” 





The Operative Spinners’ Amalgamation has applied 
to the Federation of Master Spinners’ Association for a 
general increase of wages. An extra 10s. a week is 
desired for spinners, spinner piecers (minders’ assis- 
tants), and twiners, making the flat rate payment— 
over and above the piece-rate earnings—36s. a week. 
A similar increase is asked for assistant spinners, and 
one of 5s. a week for junior assistant spinners on spin- 
ning mules and twiners. In its latest quarterly 
report, the executive council of the Amalgamation 
say that wage questions, in general, could not wait for 
action on the Evershed Report. The primary purpose 
of the report was to unify the wage levels, and any 
improvements or reductions arising from it would be 
merely co-incidental. 





At a meeting with representatives of the main-line 
railway companies, in Lenton last week, representa- 
tives of the National Union of Railwaymen and the 
Associated Society of Locomotive Engineers and Fire- 
men submitted proposals designed, it is understood, to 
set up a new wage structure. The representatives of 
oe saa undertook to consider the proposals in 
etail. 





The unions, dissatisfied with the increase of 7s. 6d. a 
week awarded by a Government court of inquiry in 
July last, have since then rejected proposals made by 
the companies. The July award gave an all-round 
advance of 7s. 6d. a week to men, with proportionate 
increases to women and juveniles, and a reduction of 
the working week from 48 hours to 44 hours. The 
unions claimed a wage increase of 1l. a week. The 
award of the court of inquiry was specifically stated 
to be an interim measure. 


Wage increases for baking-trade operatives in 
England and Wales have been negotiated through the 
Baking W Council. Under a new agreement, which 
came into force this week, adult male and female em- 
ployees get an addition of 4s. a week, persons between 
18 and 21, an addition of 3s. a week, and juniors under 
18, an addition of 2s. a week. New minimum rates for 
“table hands” are now 41. 19s. in London, 4/1. 17s. 
in the larger provincial towns, and 4/. 13s. in small 
towns and rural areas. 





Under an agreement to which the National Union of 
Boot and Shoe Operatives, the National Association 
of Wood Heel Manufacturers, the British Wood Heel 
Processers Association, the National Association of 
Boot and Shoe Stiffener Manufacturers’ Association, 
and the National Association of Boot and Shoe Toe 
Puff Manufacturers are parties, the terms of the recently 
concluded agreement for the boot and shoe industry 
are applied to employees in these ancillary trades. 
There will consequently be wage increases of 15s. 6d. a 
week for men and 10s. a week for women. 





Speaking at a luncheon of the Coal Industries Society 
in London, Mr. Arthur Horner, general secretary of the 
National Union of Mineworkers, said that we had now 
obtained mastery of the problem of producing sufficient 
coal to enable Britain to follow a policy of full employ- 
ment. He was convinced, he added, that in less than 
a@ year we should be exporting from ten to fifteen 
million tons a year, and in less than two years fifty 
million tons a year. 





Mr. H. A. Marquand, Paymaster General, stated 
at a meeting of the Welsh Regional Board, in Cardiff 
last week, that Regional Boards for industry are to be 
made more representative of industry as a whole and 
that membership is to be extended to allow the appoint- 
ment of four additional members—two from the 
employers’ side and two from the trade-union side, 
Hitherto, he said, the boards had perhaps concentrated 
overmuch on the engineering industry, but they were 
now to become more representative of industry as a 
whole. Sir Stafford Cripps still retained respon- 
sibility for the regional boards, whose function was to 
act in an advisory capacity to all Ministers and their 
Departments. They would now be required to under- 
take responsibilities in every way similar to their 
responsibilities during the war. After alluding to the 
important part which Industrial Boards could play in 
the development of joint consultative machinery, Mr. 
Marquand expressed the opinion that the Welsh Board 
might usefully reconsider the question of estaplishing 
additional district committees. 





Of the 168 disputes leading to stoppages of work in 
the United Kingdom in October, 21, directly involving 
8,800 persons, arose out of demands for advances in 
wages; 64, directly involving 13,900 persons, out of 
other wage questions; 10, directly involving 900 per- 
sons, out of questions as to working hours ; 27, directly 
involving 10,800 persons, out of questions respecting 
the employment of particular classes or ple ; 
40, directly involving 4,300 persons, out of other 
questions regarding working arrangements; and 3, 
directly involving 900 persons, out of questions of 
trade union principle. Three stoppages, directly 
involving 7,400 persons, were in support of persons 
involved in other disputes. 





During October, 158 stoppages came to anend. Of 
these, 73, directly involving 11,200 persons, had lasted 
not more than one day; 33, directly involving 4,300 
persons, had lasted two days; 22, directly involving 
11,600 persons, three days; 20, directly involving 
9,600 persons, four to six days; and 10, directly 
involving 11,800 persons, over six days. 
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ACICULAR CAST IRONS.* 


THE acicular cast irons are now well established and 
provide a range of mechanical properties superior to 
those of other types of bigh-duty cast irons hitherto 
available. The tensile strength in the as-cast condition 
may be varied between 20 tons and 25 tons per square 
inch, and this may be further markedly increased from 
25 tons to 40 tons per square inch by a simple thermal 
treatment at about 320 deg. C. (608 deg. F.) for 5 hours 
to 12 hours ; this also serves as a stress-relief treatment. 
The transverse rupture stress varies from about 40 tons 
to 65 tons per square inch, and this is likewise improved 
to 70 tons per square inch by thermal treatment. The 
acicular cast irons are notable for their high resistance 
to shock and impact, a standard stress-relieved test 
Piece giving values between 25 ft.-lb. and 50 ft.-lb., 
whereas a high-duty pearlitic iron rarely exceeds 25, 
with an ultimate tensile stress of 23 tons to 25 tons 
per square inch, and corresponding transverse rupture 
stress of 37 tons to 39 tons per square inch and deflec- 
tion of 0-23 in. and 0-14 in. for standard 1-2-in. and 
0-875-in. bars. The Brinell hardness of acicular irons 
varies from 250 to 400, the higher figures being asso- 
ciated with the higher tensile strengths. The thermal 
treatment, however, while not reducing the Brinell 
hardness, gives a pronounced improvement in machin- 
ability. 

To attain a high level of mechanical properties, the 
melting procedure and composition of the metal have 
to be carefully controlled in accordance with the 
procedure given below. The results to be.quoted have 
been obtained, except where specifically stated other- 
wise, in the laboratories and experimental foundry of 
the British Cast Iron Research Association, in some 
cases by crucible-melting and in others by cupola- 
melting, as indicated. These furnaees are experi- 
mental only in the sense that they melt small quantities 
of metal, as compared with industrial practice, but in 
all cases commercially practicable ¢ompositions and 
methods of treatment have been used and results of 
commercial melts indicate that the experimental 
results are comparable. Indeed, there is reason to 
believe that results obtained on a manufacturing scale 
may be superior, on account of the larger quantities of 
metal involved. 

The test results have been obtained in all cases by 
previously published procedures, the mechanical tests 
in particular in accordance with British Standard 
Specifications Nos. 321 and 786. Throughout, the 
term T is used for ultimate tensile stress in tons per 
square inch, R for transverse rupture stress in tons 
per square inch, S for shock or impact strength in 
ft.-lb. on a 0-798-in. cylindrical unnotched bar and 
H for Brinell hardness, taken in accordance with 
British Standard Specification No. 240. Deflection in 
inches in transverse is given as D, and elastic modulus, 
in millions of pounds per square inch, as E. 

The classification of cast irons given as Fig. 1 of 
the Committee’s 1941 Report on Special Duty Cast 
Irons,t shows four types of engineering grey cast iron : 
ferritic, pearlitic, martensitic, and austenitic. The bulk 


of engineering cast irons are pearlitic or of mixed | Chromi 


ferrite-pearlite structures, but by appropriate modifica- 
tions to composition, austenitic, or alternatively mar- 
tensitic, structures may be obtained. Both these types 
are used only for special purposes, as indicated in the 
report. The characteristic structure and properties of 
the acicular irons justify their inclusion as a separate 
class, for any engineering purposes requiring the pro- 
perties they possess although, as shown below, they 
must not be regarded as having properties at elevated 
temperatures in excess of those of the pearlitic high- 
duty irons. All these special structures of cast iron 
may be obtained from pearlitic cast iron by appropriate 
heat-treatment (as will be illustrated later), but in 
general it is more satisfactory to obtain them by 
means of specified amounts of certain alloy additions. 
As explained in the earlier report, a plain cast iron 
begins to solidify as austenite, which precipitates 
graphite as it cools, and, at about 740 deg. C. (1,364 
deg. F.) undergoes a constitutional change from 
austenite to pearlite, a eutectoid mixture of cementite 
and ferrite. If the rate of cooling is increased, the 
temperature of transformation tends to be lowered 
and finer pearlite, or ultimately martensite, is formed. 
In a casting of given section poured in a sand mould, 
the rate of cooling is usually fixed, but the effect of a 
lowered transformation temperature and more sluggish 
transformations may be secured by certain alloy addi- 
tions, and these can be arranged to give an austenitic 
structure in the cold (i.e., a transformation temperature 





* Fourth Report of the Research Committee of the 
Institution of Mechanical Engineers on “ High-Duty 
Cast Irons for General Engineering Purposes: Acicular 
Cast Irons,” prepared for the Committee by the Reporter, 
J. G. Pearce, M.Sc., M.I.Mech.E. Abridged. This paper 
is submitted for written discussion, which should reach 
the Institution by January 31, 1948. 

t See Proc. I. Mech.E., vol. 146, page 67 (1941). 





below air temperature), with fairly heavy additions, or 
alternatively (with smaller additions) a martensitic 
structure. By still smaller additions, but in excess of 
those which would be made to improve a pearlitic 
iron with the intention of retaining that structure as 
such, it is possible to obtain a needle-like structure 
which resembles martensite in some ways, but which 
is nevertheless machinable and has improved mechani- 
cal properties. From this needle-like constituent, the 
material is usually termed acicular cast iron. Since 
the section of the casting influences the rate of cooling, 
which, in turn, governs the ultimate structure (and which 
it is the aim of all these procedures to control), it 
follows that within broad limits the additions required 
to yield the acicular structure need to be adjusted to 
suit the section or range of sections being made in one 
foundry at one time. 

The strength of cast iron is governed by two main 
factors, the quantity and distribution of the graphite, 
and the strength of the metal matrix in which the 
graphite is embedded. It will be clear from what 
follows that tkere is a limit to the improvement 
rendered ible by the reduction of graphite in a 
flake-graphite iron, because there is a lower limit to 
total carbon content below which founding properties 
suffer (Third Report, 1943), and hence further improve- 
ment must arise from improvement of the metallic 
matrix. It is to this that the superior properties of 
acicular cast irons must be attributed. 

It is proposed to outline the range of the normal 
elements of composition in acicular cast irons, and 
then to deal with the special effects of the necessary 
alloy additions, severally and conjointly. This will 
enable the ideal composition for a given section to be 
arrived at, and its accompanying mechanical properties 
to be indicated. First, however, the effect of heat- 
treating a pearlitic iron is shown. 

Pearlitic cast irons can be improved in tensile strength 
to values associated with the acicular irons. An 
engineering cast iron of analysis A, Table I, was cast 
in the form of standard 1-2-in. and 0-875-in. bars 
and tested in the as-cast condition. Similar bars were 
oil-quenched from 900 deg. C. (1,650 deg. F) and 
tempered for two hours at 450 deg. C. (840 deg. F.). 
Test results are given in Table II. They show a marked 
increase in tensile strength, but a reduction in other 
properties. The cost and complexity of the heat-treat- 
ment render the use of alloy additions preferable and 
the risk of distortion or minute cracking from such a 
drastic treatment is avoided. The pearlite was struc- 
turally replaced by tempered martensite. 


TABLE I.—Chemical Analyses. 











Element. | A. | B. | Cc. D. | E. | F. | G. 
Total carbon, 
per cent. | 3-02 | 2-62] 3-3-3-2 | 3-00 | 2-30 | 2-86 | 2-91 
Silicon 9 1-54 | 2-39] 1-8-2-2 | — |2-32/ 1-95 | 2-03 
ee 0-91 /1-01 -- 0-44; — /|0-67/0-77 
Sulphur _,, 0-04 0-10 — 0-08; — | 0-06/0-06 
Phosphorus ,, |0:04| — | <0-2 /|0-04/ — /|0-09/0-08 
Nickel » Nil | 1-25] 1-3-2-0 | 2-12/2-03; — /|2-10 
um ,, Nil | 0-20} 0-2-0-35) — — |0-12/0-15 
Molybdenum 
per cent. | Nil | 0-46 |0-65-1-0 | 1-01 | 1-31 | 0-79 | 0-69 
Copper ob 1-86) — 























TABLE II.—Mechanical Properties, Heat-Treated Iron. 





1-2-in. Diameter | 0-875-in. Diameter 
Bars, Bars, 





Tron A, Table 1. 


Quenched Quenched 
As Cast, and As Cast, and 
Tempered. Tempered, 





Transverse rupture 
stress R, tons per 
$q. in, . --| 40°8 26-4 39-0 23-3 

Deflection (trans- 
verse) D, in. o% 0-37 0-20 0-18 0-11 

Ultimate tensile 
strength T, tons 
per sq. in, oo] 24-2 33-2 25-8 35-6 

Shock or impact 
strength 8, ft.-lb. 20 15 19 17 

Brinell ness No., 

: "e --| 210 329 224 356 

















As previously shown, nickel produces a purely mar- 
tensitic structure in sufficient amount, but it has been 
known for some years that molybdenum (in amounts 
below 1 per cent.) could produce a relatively soft 
acicular constituent giving superior mechanical pro- 
perties, while it was also found that the simultaneous 
addition of nickel assisted in the formation of the 
acicular structure. Thus, in 1937, MacPherran reported 
tensile strengths of over 31 tons per square inch from 
a composition B in Table I. The Brinell hardness of 
this was 302, appreciably lower than most quenched 
and tempered irons of similar st The very low 
carbon content would make it suitable for very large 
castings only. No details of the structure were given 


in this paper, but there is little doubt, from what we 
now know, that it would be acicular. The com- 
mercially-made iron reported in the First Report 
(Table 19) in 1938 had a partially acicular structure, 
as had some of the commercial materials given in the 
Third Report. Roth (1939) reported strengths of 26 
to 34 tons per square inch from irons of the range of 
compositions given at C, Table I. The structure of 
these irons was shown and was acicular, and various 
quench and temper heat-treatments were tried, the 
best being an oil quench from 840 deg. C. (1,544 deg. 
F.) followed by tempering for one hour at 320 deg. C. 
(608 deg. F.). The tensile strength was 41 tons per 
square inch. 

Flinn and Reese (1941) reported a tensile strength 
of 36-6 tons per square inch for an iron in the as-cast 
state, of composition E in Table I, and these investigators 
discovered the remarkable improvement resulting from 
a low temperature heat-treatment. After 15 hours at 
320 deg. C. (608 deg. F.) the strength of this iron was 
raised to 43-8 tons per square inch and the highest 
value recorded was nearly 47 tonsyper square inch. 
The work was experimental, in that melts were made 
on a small scale in the induction furnace and the carbon 
content given is too low for commercial castings and 
would be impracticable from a commercial cupola 
furnace. The same investigators also demonstrated 
that, in larger section sizes, the slower cooling rate 
inhibited the formation of the acicular structure, but 
by increasing the nickel content to 5 per cent. for a 
4-in. section it could be retained. Details relating to 
alloy content, section size and heat-treatment, to 
develop the acicular structure in cast irons, have been 
incorporated in a patent held in this country by the 
Mond Nickel Company, Limited. 

Castings were also produced in this country con- 
taining nickel and molybdenum to give an acicular 
structure, which under service conditions gave remark- 
able life, and which during the war proved their value. 
In confirming these results and carrying out the present 
programme, it was found out that high-duty acicular 
cast irons could be produced by alloy combinations of 
copper and molybdenum, which are also responsive to 
the low-temperature heat treatment for thinner 
sections, and by combination of nickel and copper with 
molybdenum in heavier sections. 

The normal elements of composition present in the 
plain cast irons, due to the nature of the raw materials 
employed, are carbon, silicon, manganese, sulphur, 
phosphorus. Part of the carbon present in cast iron 
is there as carbide of iron, and this is said to be com- 
bined carbon. The balance is free carbon or graphite. 
The amount of total carbon allowable in a modern high- 
duty iron is fixed within fairly narrow limits, the 
lower because of the need for castability and for avoid- 
ing unduly high shrinkage, and the higher because of 
the adverse effect on strength of a high graphite con- 
tent. The melting furnace commonly employed, the 
cupola, has been proved to be highly effective for pro- 
ducing acicular cast irons if contalie controlled, and 
the highest qualities are made from it. On account 
of the high shrinkage of low-carbon iron it is undesir- 
able to go below 2-7 per cent., and, indeed, it is rare 
for the cupola to produce a lower-carbon material. 
Conversely, on account of the diminishing strengths of 
irons progressively increasing in carbon, it is undesir- 
able to exceed 3-1 per cent. and, as the upper limit 
applies to smaller and the lower to larger castings, the 
range is too narrow to permit experimental variation 
for the purpose of ascertaining the effect on properties, 
and for the present investigation a total carbon content 
of about 2-9 per cent. was aimed at. 

(To be continued.) 





AMERICAN STANDARD SPECIFICATIONS FOR ADHESIVES. 
—The American Society for Testing Materials have 
issued a compilation of 12 standard specifications re- 
lating to rubber cements and other adhesives. The 
specifications cover definitions, mechanical properties, 
physical properties, testing, and methods of test. The 
publication may be obtained, price 1 dol. 25 cents, 
from the offices of the Society, 1916, Race-street, 
Philadelphia, Pennsylvania, U.S.A. 





GENERATION OF ELEcTRIcITY.—The official returns 
rendered to the Electricity Commissioners show that 
3,983 million kWh of electricity were generated by the 
authorised undertakings in Great Britain during Novem- 
ber, 1947, compared with 3,948 million kWh during the 
corresponding month of 1946, an increase of 35 million 
kWh, or 0-9 per cent. During the first eleven months 
of 1947 the total electricity generated was 38,147 million 
kWh, compared with 36,882 million kWh during the 
corresponding period of 1946, an increase of 1,265 million 
kWh, or 3-4 per cent. The total quantities sent out 
during November, 1947, and November, 1946, were 
3,761 million kWb and 3,732 million kWh, respectively, 
an increase of 28 million kWh, or 0-8 per cent. During 
the first eleven months of 1947 the total amount of 





electricity sent out was 35,983 million kWh. 
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ELECTRIC TRACTION ON THE 
SOUTHERN RAILWAY.* 
By C. M. Cook. 


Tue Southern Railway was formed on January 1, 
1923, by the amalgamation of a number of railways. 
It is primarily a passenger line, with a heavy concen- 
tration of traffic in the London suburban area. Before 
amalgamation, three of the constituent companies had 
adopted, or proposed to adopt, different electric traction 
systems, but in 1925 the direct-current system at 
660 volts was chosen for any further electrification, 
and, in 1929, the 6,600-volt single-phase system installed 
by the Brighton Company was abandoned. Table I 
shows the extent of the electrified system and the 
traffic in 1938, while a year later 3,234 electric coaches 
were being operated over 709 route miles, equivalent 
to 1,765 single-track route-miles, including only 87 
miles of sidings. 


TaBLE I.—Eztent of System} and Traffic in 1938. 





Route miles electrified ob 610 
Single track miles electrified . . 1,556 
Electric coaches i ; 3,070 
Electric coach-miles .. 217,344,017 
Electric train-miles .. 355,073 
Passenger journeys e- > 288,698,317 
Revenue * i ‘ea - om 8,450,5301. 
Electrical energy used for traction, kWht 520,000,000 
Ageregate aaoen demand, kW .. ; oe 166,000 
Cost of electrical energy (traction) Na eb 1,211,388i. 
Average cost per d ~current kWh for traction 0-56d. 
Ton miles, ms .. os es ee ee 7,647 








¢ Including Waterloo and City Railway. 


¢ At conductor rail—includes conversion losses and distribu- 
tion costs, 


Long before amalgamation, the companies had 
learned much concerning the practical operating 
advantages of electric traction applied to heavy 
suburban traffic. In particular, they had realised its 
flexibility and that, by providing better and more 
frequent services, more traffic would come to them. 
Decisions on extensicns to complete the electrification 
of the whole of the Southern Railway suburban area 
were therefore based not so much on the savings in 
operating expenses that would accrue as on the in- 
creased revenue likely to be obtained by providing the 
mene with faster, cleaner and more frequent services. 

trification of the main lines to the coast was justi- 
fied in the same way as for the suburban lines. The 
services were accelerated and augmented, and although 
the cperating costs per electric train-mile were less 
than the operating costs per steam train-mile, the total 
operating cost increased because more electric trains 
wererun. This increase was very favourably balanced, 
however, by the receipts from the increased traffic. 
The results of electrification have, in fact, been highly 
satisfactory, and on some of the lines spectacular. 

The supply of electrical energy for traction is obtained 
from sources : ord-road power station, 
owned and operated by the Southern Railway ; Dept- 
ford East power station, owned by the London Power 
Company, who supply electrical energy to the London 
Electric Supply Corporation for sale to the Southern 
Railway; and the grid. The Durnsford-road station 
was built by the London and South Western Railway 





* Paper read before the Institution of Electrical 
Engineers on Thursday, November 6, 1947. Abridged. 





Company to supply what is now the western suburban 
section of the Southern Railway. In 1938, it had an 
installed capacity of 60 MW and sent out 148,491,000 
kWh to seventeen traction substations through eleven 
11-kV feeders. The maximum demand was 42-4 MW 
and the cost per kilowatt-hour sent out 0-33d. Since 
1925, the eastern and central sections of the railway 
in the London area have obtained their supplies from 
the London Electric Supply Corporation at 11 kV and 
25 cycles through a switching station at Lewisham and 
29 traction substations. In 1938, 271,512,000 kWh 
were purchased at Lewisham, the maximum demand 
being 75,590 kW and the cost 487,842/. The remainder 
of the supply for the area beyond outer London was 
taken from the grid at 33 kV and 50 cycles at 11 points, 
as shown in Table IT. 


TABLE IIl.—Supplies Taken from the National Grid, 1938. 











No.of | A.C. kWh for 
Point of Supply. Sub- traction and | Demand, 
stations. Signalling. kw. 

n 10 26,713,000 7,300 
Beion 5 21,013,000 4,039 
Hastings “| 73 | 78'S0e‘o00 | S80 
Lesthenesd 5 9,717,000 2,630 
Northfleet 18 6,770,000 2,005 
Portsmouth .. de 11 19,193,000 3,850 
Three — asi 7 17 830, ! 9,340 
Tunbridge Wells és 3 4,342,000 780 
Reading wie om 7 364,000 75 
Woking 23 40,652,000 11,050 
Total 113 179,987,000 47,639 














Referring to this table, in 1938 only three of the 
18 substations fed from Northfleet were actually in 
commission and the supply from Reading was for test 
purposes only. Purley substation began by taking a 
supply from Croydon in 1942. These grid supply 
points are connected to a system of 33-kV ring mains, 
which feed the traction substations. All these sub- 
stations are unattended and are remote-controlled 
either from Three Bridges, Woking, Havant, Swanley 
or Ore. The cost of the 179,987,000 kWh purchased 
from the Central Electricity Board in 1938 was 358,5961. 

The transmission of energy from the par og 
of supply to 159 traction substations is entirely by 
solid-type paper-insulated cables. These are generally 
carried on hooks or in wooden troughing, which in 
both cases is supported on concrete posts located 
alongside the tracks. This construction is varied 
where bridges, tunnels, buildings and other works 
—— with the normal alignm pg To ——— 
with the power-su arrangements, there are t) 
distinct systems. Pike two radial systems, which 
originate from Durnsford-road and Lewisham, respec- 
tively, operated at 11 kV, while a ring-main system 
is supplied from the grid at 11 points at 33 kV. The 
lengths of three-core cable are 394-68 miles at 11 kV 

416-65 miles at 33 kV, a total of 811-33 miles. 
The 11-kV cable is lead-covered and wire-armoured. 
The earlier 33-kV cables were three-core with a lead 
sheathing over each core, which was served with 
hessian tape and armoured. After the Sevenoaks and 
Eastbourne extensions in 1935, single-core lead- 
sheathed unarmoured cable was adopted. 

The spacing of the substations is influenced by two 
main factors; the resistance of the external metallic 





traction-current circuit and the load on the sub- 
station. The maximum load conditions are imposed 
by the accelerating currents of the express trains 
and the number of parallel tracks over which these 
and other classes of electric traffic operate. Taking 
into account the headway of the trains, the overload 
setting of the track-feeder circuit breakers should 
exceed the maximum current likely to be drawn from 
the line, but at the same time it must not exceed the 
current limit imposed by the resistance of the external 
metallic circuit under short-circuit conditions. In the 
case of the open-line tracks for heavy express services, 
single-unit substations are spaced at intervals of 3-5 
mniles, with track- ing circuit breakers midway 
between them. is permits an overload setting of 
6,000 amperes on the substation circuit breakers and 
of 5,500 amperes on the track-paralleling circuit 
breakers. The capacity and ing of each sub- 
station provides for the load demands of normal traffic 
and short-circuit protection with the adjacent 
substation on either side out of service. In the areas 
with heavier traffic and multiple tracks, the spacing 
is reduced and the capacity of the plant is increased to 
meet the particular demand. The location of the 
substations is sometimes influenced by the positions of 
main-line junctions. For lightly loaded lines, cn which 
track-paralleling equipment is provided, the substation 
spacing is increased to 5-5 miles. 

There are, altogether, 159 traction substations 
supplying direct-current to the electrified tracks, 46 
being of the rotary-convertor type, of which 42 are 
attended and four unattended. The remaining 113 
substations are unattended and are equipped with 
mercury-are rectifiers, remotely operated in groups 
from control stations at Three Bridges, Woking, 
Havant, Swanley and Ore. The installed capacity 
of the rotary-convertor substations is 169,718 kW, 
including 1,968 kW for signalling and lighting, while 
that of the rectifier substations is 289,500 kW, a total 
of 459,218 kW. The capacities of individual rotary- 
convertor substations vary according to the load 
demands and provision is made for spare machines. 
The system of unattended remotely-controlled single- 
unit substations, equipped with mercury-are rectifiers, 
was first adopted in 1932 when the electrification was 
extended to Brighton, and has since been applied to all 
extensions. Each of these substations has a rating 
of 2,500 kW, except those at Newhaven and Fratton, 
where it is 5,000 kW, and at Purley, where it is 4,500 
kW. Atypical layout of a standard rectifier substation 
is shown in Fig. 1, in which a represents the feeder 
circuit breakers and 6 the transformer circuit breakers- 
The isolating switches are shown at c and the auxiliary 
and interphase transformers at d and e, respectively. 
The main transformer is indicated at f, and the excita- 
tion transformer for the inte transformer at g, 
while the rectifier is shown ath. The rectifier and track 
high-speed circuit breakers are indicated at ¢ and &k, 
respectively, and the supervisory cubicle at J. Fig. 2, 

598, is a diagram of the main connections in a 
rectifier substation and the associated track-paralleling 
hut. In this diagram, the feeder and rectifier oil circuit 
breakers are shown at a and b, respectively, the incom- 
ing supply at 33 kV being indicated on the left and the 
feeders to the adjacent substation on the right. The 
rectifier transformer is indicated at ¢ and the rectifier 
itself with its direct-current oi em circuit breaker 
at d and e, respectively. The hig — track-circuit 
breakers in both substation and track-paralleling hut, 
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and their associated isolating switches, are indicated 
atfandg. The inte transformer, with its excita- 
tion transformers, is shown at h, while the supplies to 
the rectifier auxiliaries and substation and i 
circuits are indicated at i and &. The hook switches 
in the weed ar hut are shown at 1. 

At these substations, three-phase energy is received at 
33 KW and 50 cycles per second and is stepped down to 
614 volts in oil-immersed air-cooled outdoor trans- 
formers with a reactance of 5-6 per cent. As shown in 

ig. 3, the primary winding a of these transformers is 
delta while the secondary consists of two sets of double- 
star windings 6, which provide a double six-phase sup- 
ply to the rectifier anodes. No auxiliary transformers or 
windings are contained in the transformer core or tank, 
thus permitting a symmetrical distribution of the wind- 
ing and robust construction. There are two outdoor 
inter-phase transformers ¢, each of which is connected 
between the twin neutral points of the main trans- 
former secondaries to equalise the current distribution 
to the parallel anodes of the rectifier and to smooth 
the direct-current voltage. The mid-points of the 
interphase transformers are connected in parallel to 
form the main direct-current negative return. A special 
excitation transformer, the primary of which is shown 
at d and the secondary at e, is provided to reduce the 
direct-current voltage rise on no-load to a minimum, 
- <e can be destructive to the train pe This 

former is arranged to su 150-cycle current 
to magnetise the interphase Aen hone on light loads. 
The substation auxiliaries and si ing circuits are 
supplied from 33,000/440-volt outdoor transformers, 
_ are connected through fuses cn the high-voltage 
si 

The continuous rating of the rectifiers is 3,750 
amperes, the overload ratings being 4,500 amperes for 
15 minutes, 6,000 amperes for 5 minutes, 9,000 amperes 
for 30 seconds and 12,000 amperes momentarily. Such 
Tatings are not recomme as general practice. 
The rating must, of course, be decided by the nature 
of the traffic. It is desirable, however, to rate the 
output according to the periods of maximum demand 
together with the cycles of such demand. Fig. 4 shows, 
in curve 6, the overall efficiency of the rectifier unit, 
complete with the former and all auxiliaries ; 
curve @ indicates the voltage regulation. In all the 
substations, except Purley, the rectifiers are of the 
water-cooled steel-cylinder t and are mounted on 
insulators. Rubber rings and mercury are used for 
sealing. There are two separate closed systems of 
water cooling: one for the rectifier, which is controlled 
by a thermostat and one for the high-vacuum pump. 
The more recent installations are fitted with thermo- 
statically controlled water heaters for use during 
shut-down periods and to ensure immediate pick-up of 
load on starting at low temperatures. The vacuum is 
maintained by static mercury-diffusion pumps, backed 
by motor-driven rotary pumps. A solenoid-controlled 
ignition anode provides the necessary hot spot on the 
cathode for the production of mercury vapour for 
starting. Starting and stopping are fully automatic 
on receipt of the required impulse from the supervisory 
control system. On the original equipment the 12 
anodes are of special steel, are water-cooled and have 
unenergised grids. Air-cooled graphite anodes with 
energised grids are fitted to the r rectifiers, the 
grids being positively energised to assist pick-up on 
starting and negatively energised to prevent pick-u 
on reverse currents, thus suppressing backfires wit! 
minimum disturbance. The first installation of 
“* pumpless” steel-tank rectifiers was made in 1942, 
when three 1,500-kW sets were installed at Purley. 

Backfires occur occasionally in the rectifiers that 
have unenergised grids, but they are extremely rare in 
those with energised grids. There has been only one 
outage recorded with the latter type, and this was due 
to hot spots caused by the deposition of fragments of 
the iron grid on the graphite anodes. Back-fires are 
cleared in about 16 cycles by the rectifier oil circuit 
breaker when the grids are not energised; this, of 
course, entails a shutdown and restart. With energised 
grids a back-fire is suppressed in three or four cycles 
without the oil circuit a operating. No restart is 
therefore n , the power supply being restored 
automatically with an interruption of only a few cycles 
duration. intenance costs, in general, are extremely 
low considering the capacity of 1 the plant installed. 
Twelve cylinders cf the original unenergised grid type, 
each of which has averaged about 120 back-fires over a 
very long period, have been opened ; and the only work 
required has been the removal of deposits from the 
anode insulators, polishing the anodes and sometimes 
changing the grids. No corrosion has occurred in the 
cylinder jackets, but water has corroded two of the 
water-cooled starter vacuum pumps and these have 
been replaced by air-cooled pumps. The pumpless 
rectifiers have operated satisfactorily. Operating ex- 
perience has shown that interference with communica- 
tion circuits is not sufficient to warrant the provision 
of special apparatus, except in the case of the aerial 
circuits used by the railway and running parallel with 
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the conductor rail. Objectionable interference in 
this case has been reduced by a drainage coil system 
which is installed in the main telephone exchange at 
Waterloo. 

A total of 758 high-tension oil circuit breakers had 
been installed in the substations from 1915 onwards. 
Of these, 407 operate at 11 kV, and are generally 
mechanically actuated. The remaining 35] are for 
33 kV, and are arranged for both remote and local 
electrical and mechanical operation. The 11-kV circuit 
breaker ratings range between 180 and 500 MVA;; all 
are accommodated indoors. With the one exception 
of Purley substation, all the 33-kV circuit breakers are 
of the outdoor type. In the original 100 substations 
there are 306 dead-tank oil circuit breakers, but in 
1938, 13 substations containing 40 oil circuit breakers 
of the oil-minimum t; were built and five more 
of this type were in at Purley in 1942. In this 
way it has been possible to reduce the area of the 
switchgear enclosure from 3,470 to 1,970 sq. ft. The 
33-kV dead-tank circuit breakers have a rupturi 
capacity of 500 MVA and will trip in from 8 to 1 
eycles, including a 2 to 3 cycles arcing period. The oil- 
minimum circuit breakers have a rupturing capacity 
of 600 MVA and a full opening time of 5 to 6 cycles, 
with an arcing time of 1 to 1-5 cycles. The' making 
time is 15 cycles. The isolating switches are 
for operation from reg level and there is a small 
alternating-current ter to prevent the formation 
of moisture on the auxiliary contacts for supervisory 
indication, interlocks, wiring and working parts 
located in the mechanism housing. 

Probably the most important apparatus on a heavy 
direct-current traction system is the switchgear feeding 
the tracks. Heavy traffic requires heavy currents, 
with correspondingly high track-feeder circuit-breaker 
settings, conditions which can be very destructive 
under fault conditions, especially with earth faults 
that inte unknown resistances in the return circuit 
to the substations. To avoid damage from power 
arcs following a fault, it is essential that the circuit 
be interrupted in the minimum time, and this is best 
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accomplished by high-s circuit breakers actuated 
by an wate of fave > a fault current. At the 
rectifier substations and their associated track-paral- 
leling huts, high-speed track-feeder circuit breakers, 
indicated at f in Fig. 2, are mounted side by side on a 
concrete shelf above the "bus bar. They have a con- 
tinuous rating of 2,500 amperes, with a minimum time 
of opening of 0-01 second, and they are fitted fcr 
forward current tripping only. The breaker connecting 
the rectifier to the substation "bus bars is rated at 
4,000 amperes and is not fitted for tripping on forward 
current, but is arranged for reverse-current protection 
of the rectifier. The track-feeder circuit breakers at 
the substations are held automatically in the closed 
position by coils energised from the 660-volt bus bars. 
Certain breakers may be closed by supplies fed from 
an adjacent substation through the conductor rail. 
At ‘the track- ing huts the holding coils are 
normally ene i bontihe conductor rail. The total 
number of high-speed circuit breakers installed is 1,181, 
and the service they have rendered in protecting the 
system has been high! 'y satisfactory. 

Protection of the alternating-current circuits is 
provided by an improved Merz-Price system, which 
gives instantaneous tripping of the circuit breakers at 
either end of a faulty section independently of the 
direction of power feed. Back-up protection is 
provided at each point fed by the grid, and comprises 
the usual overload and earth-leakage features. A 
power-flow protection is added as a preventive against 
the transfer of appreciable loads from one feeding 

int to another by way of the 33-kV ring main. 

main transformer and rectifier protection is a 
standard overload and earth-leakage relay combination. 

The control rooms are continuously manned by staff 
who supervise the operation of the substations and 
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track-paralleling huts, aided by mimic system diagrams 
and indicating lamps. The supervisors are also 
responsible for all switching at the substations and on 
the electrified tracks. Besides operating and indicating 
the position of the circuit breakers, there is fault-alarm 
indication, the direct-current and voltage are metered, 
and the synchronism of the alternating-current feeders 
is indicated. The pilots and system can also be 
checked. The control board accommodates the 
operating keys, indicating lamps and measuring instru- 
ments, while the supervisory telephone exchange, 
alarm bells and certain relays, including the fault- 
signalling relays, are on a central desk. The supervisory 
control is a direct-current low-voltage polarised selector 
system with simple impulse transmission through 
multi-core pilot cables. The pilot cables, which are 
of the paper-insulated dry-core type, have 33, 17 or 
12 cores, the working voltage being + 64 volts. Each 
selector comprises a transmitter working two receivers 
in synchronism, the receivers being placed so that, 
with the exception of Purley and South Croydon, no 
two adjacent substations are controlled by the same 
selector. The selector switches are of the rotary 
multi-contact face-plate type, with three rows of 
50 contacts bridged to three annular contacts by an 
arm which is rotated clockwise by a step magnet, and 
takes about 12 seconds to make a complete revolu- 
tion. There are four pilots plus one common return 
for each selector—one for the synchronous forward 
motion, one for operating, and the other two for sig- 
nalling and communicaticns. Up to three rectifier 
substations with associated track-paralleling huts can 
be controlled over these four wires, and about 200 
different control impulses can be sent. 

Every circuit breaker is represented on the main 
control board by a control unit consisting of coloured 
indicating lamps and key switches for the selection of 
the apparatus required and its subsequent direct 
operation. The track-feeder circuit breakers at the 
track-paralleling huts are only indicated because they 
close automatically when their appropriate sections 
of track are made alive.. Fault indication is given auto- 
matically when a breaker position alters in relation 
to the position shown on the main control board. Pro- 
vision is made for remote reading of the rectifier 
voltage and current. Synchronism between the high- 
voltage feeders is also indicated. A simple check on 
the healthy condition of the operating and indicating 
pilots is obtained from two meters on the central desk, 
which read the battery half-voltages at the farthest 
substations when a position call-key is pressed. An 
earth-fault polarised relay provides an additional check 
on the condition of the system. Motor-generators and 
batteries supply current for the operation of the 
supervisory control gear. At the substations there are 
complementary batteries charged by metal rectifiers. 
contact line consists of 4 top-running-contact 





steel conductor rail, which is freely supported on 
porcelain insulators fixed to the sleepers, as shown in 
Fig. 5, opposite. Two sizes—100 lb. and 150 Ib. per 

ard—have been installed, and 45 ft. and 60 ft. lengths 
om been used. The latter are now standard and are 
mechanically jointed by two short fishplates, one on 
each side of the rail, the complete joint being secured by 
two }-in. bolts. Electrical conductivity is maintained 
at each joint by four 0-42 sq. in. ribbon-type copper 
bonds. The sectional area of 100 lb. bonded conductor 
rail is calculated to be equivalent to 1-41 sq. in. of 
copper. Electrical continuity is preserved at the gaps 
on the main running tracks by rubber-insulated 
vulcanised bituminous braided copper jumper cables of 
1 sq. in. cross-section. The ends of these cables, when 
cut for fixing the jointing lugs, are built up with 
vulcanised-bitumen tapes and are generally completely 
vulcanised. The ends are firéproofed to guard against 
fires from waste paper, which lodges in the angle 
between the cable ends and the conductor rails. For 
mechanical protection the cable is cased in wood 
troughing, where it rests on the ballast. For the 
isolation of sidings and for track-sectioning purposes a 
knife switch operated by means of insulated hook sticks 
is provided. This “ hook” switch, as shown at / in 
Fig. 2, is attached directly to the conductor rail. The 
conductor rail is laid on each side of the running track, 
as required by local conditions, and is supported by 
porcelain insulators, which are normally spaced 
10 ft. 4 in. apart and are fixed to the sleepers by 
malleable-iron clips and coach screws. As the con- 
ductor rail is not anchored, it is subject to creep. 
This generally occurs in the direction of the traffic, and 
may amount to as much as 15 in. per month, depending 
on the and density of the traffic. Adjustments 
are usually made by jacking the rail back once a year. 
The normal life of the conductor rail is about 30 years, 
but is less in tunnels, on very heavily occupied lines, 
and at stations with frequent stopping traffic, owing to 
the formation of excessive hollows at points where the 
collector shoes generally come to rest and draw heavy 
line currents on starting. 

The. running rails, which are 95 lb. B.S. bull-head, 
are used as the return circuit for the traction current, 
and each of the joints is bonded with two 0-168 sq. in. 
copper bonds. The system is not earthed, insulation 
being provided by the standard wooden sleepers used 
for the track. Cross-bonds of 0-15 sq. in. cross-section 
are —— between the single rails of each track, 
and between parallel tracks, to equalise the current in 
the rails and to maintaia the voltage drop at a mini- 
mum. At stations, where the trains require maximum 
accelerating currents, the bonds are spaced at intervals 
of 150 ft., but between stations this spacing reaches a 
maximum of 1,000 ft. At substations a negative 
feeder is provided for each track rail and in addition 
the track rails are cross-bonded. In the vicinity of 
certain substations the return circuit is permanently 
reinforced with standard 100-lb. conductor rail. This 
is mounted on wooden blocks and is laid in the 4-ft. 
way and cross-bonded to the running rails. Where 
the track is used for signalling circuits (which are 
alternating current at 50 or 75 cycles) the block sections 
are separated by insulated rail joints across which 
traction-current paths are vided impedance 
bonds. One of Fi bonds bb conte Fetod at each 
end of the track circuit. Inter-track bonds are required 
at not less than four positions per mile, and if there are 
no impedance bonds conveniently opposite, resonated 
bonds are used to provide the points of attachment for 
the cross bond between one track and the other. At 
those cross-overs and junctions where the rails are 
used for si ing circuits, the normal double-rail 





of each track being available. The distance over which 
this arrangement is used, however, is restricted to a 
minimum, and, where possible, the deficiency in con- 
ductivity is recovered by cross-bonding the traction- 
current return rail to the rails of adjacent sidings or 
by a cable connection. 
The original direct-current suburban multiple-unit 
train, which went into service on the western section in 
1915 ,was comprised of three-coach motor sets. Later, 
two-coach trailer sets were added, so that trains could 
be worked with three, six or eight coaches. There are 
eight 275-h.p. motors on an eight-coach train, all of 
which are of the totally-enclosed nose-suspended type. 
Control is on the series-parallel principle, the resistors 
being cut out by electromagnetic contactors. The 
master controller is supplied at line voltage and is 
fitted with a dead-man’s handle, which requires a 
pressure of 7} lb. to prevent automatic opening of the 
contactor control circuits and the application of the 
brakes. Current-collector gear is fitted to both sides 
of the motor bogies, the shoes being of cast-iron and 
weighing 561b. They are hung on slotted links designed 
for free vertical movement and contact between the 
shoe and rail is maintained by gravity. The com- 
—_ assembly is fixed to and insulated by a teak 
am, which is secured on the axleboxes. The trains 
are fitted with the Westinghouse automatic brake. 
After 1932, when electric working was extended to 
Brighton, higher speeds and amenities associated with 
main-line trains were required. The maximum speed 
was, therefore, increased to 75 m.p.h., and to allow 
all the available space to be used for carriage, the 
electrical control gear and auxiliary machines and 
apparatus were underslung from the underframes. 
Low-voltage electro-pneumatic control gear was 
initiated for both suburban and main-line work, and 
to enable this to operate in multiple with the electro- 
magnetic apparatus, potentiometers were fitted, thus 
reducing the control line pressure to a 70-volt supply 
to the contactor groups. The lighting on non-suburban 
stock is supplied at 70 volts direct-current from a 
660/70-volt motor-generator under each coach. Four 
main lighting ’bus lines are carried through each unit 
and the circuits are arranged so that each motor- 
generator set supplies half the lights in each coach. 
A battery is provided for emergency purposes. Heating 
is effected ha 300-watt and B00-wote heaters, and hot 
water is obtained from a tank under each basin, in 
which a 1,500-watt 700-volt immersion heater is 
installed. 

Maintenance of the electric rolling stock falls into 
three categories: general overhaul, inspection, and 
painting and ch General overbauls are made 
at periods determined principally by wear of the tyres, 
mal they are carried out in shops located at 
Durnsford Road, Slades Green and Peckham Rye, 
respectively. The trains run an average of 6,000 miles 
a month. Running gear on express stock is over- 
hauled after 80,000 A and on suburban stock after 
100,000 miles. The overhaul consists of tyre-turning, 
complete stripping and repairs and renewals on the 
brake gear and bogies, traction motors, motor-genera- 
tors, air compressors and other auxiliaries. The elec- 
trical control gear is not completely overhauled until 
after a period of many years of service, depending on 
the type of equipment. A train unit is immobilised for 
overhaul usually for three days, and seldom for more 
than four. For overhaul pu . a standard unit is 
assessed as three coaches with two motor and four 
trailer bogies, and on this assessment the average man- 
hours per overhaul in 1938 was 820. The average 
number of standard overhauls was 2-2 per day of 
8 hours. 

Inspection periods are determined by renewal of 
brake. blocks, of which there are two types, cast-iron 
and non-metallic. The former usually run for about 
ten days and the latter for 21 days. There are six 
inspection sheds: Durnsford-road, Slades Green, 
Orpington, Streatham Hill, Selhurst and Brighton, 
where trains are withdrawn from service, mainly in 
the off-peak hours, for brake blocking and other atten- 
tion to the brake apparatus, oiling, inspection and 
cleaning, and for testing of and minor re to the 
dottaianl control pena Oe the auxiliary poo ban 
The current-collector shoes are renewed approximately 
every six months on express trains and every eight 
months on suburban trains. The coaches are painted 
and varnished on an average every four years, when 
the underframes and les are thc.roughly over- 
hauled. Such of the trailer-bogies as are due for 
overhaul coincidentally are repaired. Complete records 
for 1938 of the percentage of stock under and awaiting 
repair are not available and current figures do not 
represent stabilised conditions, as they are affected by 
the aftermath of war-time, i.e., shortage of stock, man- 
power and materials and the loss by enemy action of 
one complete lifting shop at Peckham Rye. The 
daily position, however, is that about 64 per cent. of 
the stock is under or awaiting repair. The cost in 
1938 of maintaining the electric coaches in ranning 
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painting and repairs to body work and underframes, 
was 0-421d. per coach-mile. The average number of 
train-miles run per failure, befcre the war. was 36,000. 
Of the failures, 35 per cent. were due to electrical equip- 
ment and auxiliaries, 21 per cent. to brake apparatus, 
16 per cent. to mechanical defects, 10 per cent. to 
traction motors, and 6 per cent. to collector gear. 

In addition to the multiple-unit trains, two heavy 
electric locomotives are in service. These 
have a capacity of 1,470 h.p. at the one hour rating 
and are of the Co + Co type with a total adhesive 
weight of 101 tons, 49 tons of which are for the electrical 
equipment. Power is derived from six pressure-ven- 
tilated and nose-suspended traction motors. Further 
particulars are given in Table ITI. 


TaBLE III.—Locomotive Motor Particulars. 





Normal a accelerating current up to 
37 m.p.h. with 425 tons trailing load at 
Se ee Gee neuen... ws “w 800 
Rate of acceleration 425 tons, m.p.h. 
persecond .. ae =a Pr ae 0-5 
Rate of acceleration with 1,000 tons, m.p.h. 
oe - 2 * i me 0-3 
cing speed with 425 tons trailing, 
— ee oe ve Ae. ae 65 
= ur rating for 75 deg. C. temperature on 
Speed at one hour rating with 42-in. whee, 
r.p.m. aa =a oe ee = 872 
Maximum safe speed, m.p.h. 75 
r.p.m.. . 2,295 
See i ; <7 . Pete} nw 
Type 0 ur, 
ere “pinion “tee re- 
jeved. 
Weight, including gearing and cage, Ib. 6,400 








The general arrangement of these locomotives is 
indicated in Figs. 6 and 7, on 599. As will be seen, 
the equipment is housed in a simple box body, carried on 
two six-wheeled bogies by means of radial segmental 
bearings, which replace the orthodox king-pin and also 
form a mechanical coupling through the body for the 
tractive force cf the bogies. There is no other mecha- 
nical coupling between the bogies. Because of its short 
length, a@ moving locomotive must not fose contact 
with the supply of electrical energy when crossing the 
numerous gaps in the conductor-rail system. To 
maintain the tractive effort over these gaps, the traction 
motors are supplied continuously through two motor- 
generator power units the position of which is shown 
at a in Fig. 7. Kinetic energy can be stored in each 
of these units by a 1-ton flywheel, which is mounted on 
the shaft between the motor and the generator. Each 
motor-generator, aa shown at a in Fig. 8, is connected 
permanently on the generator side to three traction 
motors b, the fields of which are shown at c in the same 

i The field of the motor of the motor-generator 
is indicated at d and that of the generator of the motor- 
generator at e. The motor-generator starting resist- 
ance is shown at f and the reverser at g. This form of 
control is the best practical solution of the gap problem 
that has been presented so far. It may, in comparison 
with the resistance control as usually adopted for direct- 
current locomotives, show some disadvantage in weight 
and efficiency, but it provides greater flexibility in 
operation, because each of the 26 notches in the speed 
control is a running notch. The locomotive can be 
used with equal facility for loose-coupled heavy goods 
or fast passenger trains with adequate means of hauling 
the heaviest trains over the longest gaps in the con- 
ductor rail. It will be seen from Fig. 8 that with 
suitable regulation of the excitation the motor-genera- 
tor can be used to oppose or boost the line voltage, so 
that the voltage across the series circuit of the three 
traction motors can be varied from slightly less to 
double that of the line. The circuit is arranged, how- 
ever, so that at no point is the voltage to earth higher 
than the line voltage. 

Eight current-collector shoes are provided, four on 
each side. They are generally similar to those used on 
the multiple-unit trains. In addition, there is a 
pantograph for working from a contact wire in sidings. 
Operating experience has proved sanding to be neces- 
sary on the leading wheels only. As the locomotive 
is required to work ordinary steam coaches an electric 
boiler, indicated at b, in Fig. 7, is provided to supply 
1,040 Ib. of steam per hour for heating. The loco- 
motive is equipped with a dual braking system embody- 
ing both compressed-air and vacuum brakes. The 
eompressed-air brakes are normally controlled from a 
self-lapping straight air-brake valve at each driving 
position, to which air is supplied at 70 lb. per square 
inch through a reducing valve from main air reservoirs, 
which are maintained at 90 Ib. to 100 1b. per square inch. 
These reservoirs, which are indicated at ¢ in Fig. 7, 
are supplied by two electrically-driven reciprocating 
air-compressora of ths same type as those used on the 
motor coaches. For operating the vacuum brakes of 
passenger and van trains, two rotary exhausters d are 
provided. One of these is supplied from the line and 
runs continuously, while the other is sapplied from the 
15)-volt control battery, the position of which is shown 





at e, and runs intermittently. There is a vacuum-brake 


valve on each driving desk, and when in use with 
vacuum-braked vehicles this valve also controls the 
locomotive air brakes through a proportional valve, 
connected to the vacuum train pipe, which applies the 
air brakes in proportion to the degree of application 
on the train. In all normal circumstances, the line ex- 
hauster runs on full field only for maintaining vacuum, 
and is switched to weak field for rel When the 
locomotive enters a gap, the line exhauster is supplied 
from the main motor-generators until the voltage has 
drop to a value insufficient to maintain vacuum, at 
which point @ relay is arranged to switch in the battery 
exhauster. By this means full brake power is always 
at the driver’s disposal ; at the same time the load on 
the control battery is reduced to a miniumum. In 
Fig. 7 the position of the control frames is shown at f, 
of the contactors at g, and of the resistance compart- 
ments at h. 

Looking to the future there still remains opportunity 
on some lines for obtaining substantial increases in 
traffic and revenue by extending electrification, but 
such opportunity, where so much has already been 
exploited, is a diminishing aoey and becomes 
speculative when, for operational reasons, consideration 
must be given to a more complete scheme of electrifi- 
cation. Therefore justification for electrification must 
rest on the margin of saving on operating expenses of 
electric services compared with operation of similar 
services by steam engines. On a basis of comparative 
steam and electric operating expenses in 1939, and 
costs of electrical equipment and other electrification 
works at that time, it has been estimated that complete 
electrification of the Southern Railway to the east 
of the Portsmouth line would give an adequate return 
on the capital expenditure. The estimates included 
all running lines and sidings, some of which, being 
unremunerative, would be subsidised by the lines 
carrying the heavier traffic. Approval, in principle, 
has been given to the complete elimination of 
steam engines on the eastern and central sections, and 
plans have been announced for the immediate electrifi- 
cation of 284 route miles, equal to about 610 single-track 
miles, including a small proportion of sidings. 

There will be improvements in the services. It is 
intended to increase the frequency of the trains when 
necessary and to improve the running schedules. The 
new equipment for suburban services will be capable of 
an acceleration of 1-5 m.p.h. per second, and express 
multiple-unit trains and locomotives will be built for 
maximum speeds of 90 m.p.h. Traction motors are 
being introduced that weigh 1-92 tons, as compared 
with the existing 3-6 tons for the same power. Those 
for high-speed service will be fitted with a flexible form 
of drive to relieve the deadweight from the road axle. 
Diesel-electric traction will be introduced on those 
branch lines where traffic density is insufficient to 
justify electrification, provided that operation b 
electric traction is not necessary because of throug! 
passenger connection with the main lines. Fifteen 
Diesel-electric shunting locomotives and three main-line 
Diesel-electric units are already under construction ; 
the latter are each of 1,600 brake horse-power for trial 
purposes. Much thought has been given to the form 
of motive power for goods working, which is inseparable 
from sidings. The proportion of sidi in relation 
to the main lines is high ; 899 miles of rical track 
equipment would be necessary if the whole of the sidings 
and yards of the eastern and central sections were 
electrified, whereas the single-track mileage on the 
running lines in this area is 1,081. A conductor rail 
is an obstruction to staff in sidings and marshalling 
yaaa Overhead equipment obstructs the — 
of cranes in goods yards and there are many physi 
difficulties with elearance for the supporting struc- 
tures for overhead equipment between the track of 
large congested yards. The cost of electrical track 
equipment is high and, comparatively, the ton-miles 
moved per mile of track with this of traffic is 
low, especially at wayside stations. Taking all these 
factors into account electrical operation of sidings 
and yards is costly and restrictive. A cheaper and 
more mobile alternative may take the form of an electric 
locomotive to nee as such over the electrified lines 
but fitted with Diesel auxiliary power for shunti 
movement over non-electrified on. om 

The smaller space required for modern high-voltage 
alternating-current switchgear, such as the oil-minimum 
and air-blast types, permits a reduction in the area of 
@ substation, and accordingly these are being designed 
with the alternating-current switchgear mounted in- 
doors, together with the rectifier and direct-current 
switchgear. Only the rectifier will remain out of doors. 
The ring system of high-voltage alternating-current 
transmission to the traction substations has been 
justified on the grounds of security of supply and low 
first cost and this system will be continued. Considera- 
tion is being given, however, to the ibility of a 
reduction in the numbers of circuit bi by regard- 
ing the transmission line as a ’bus.bar suitably sectioned 
by cirouit breakers for isolation purposes, 





CATALOGUES. 


@ Drilling Machines.—Meesrs. Grimston Electric Tools, 
Limited, Purley Way, Croydon, have issued a catalogue 
describing a range of their Electriska geared drilling 
machines. The machines described have a maximum 
capacity of 1 in. for mild steel and the catalogue gives 
details, together with complete specifications, of machines 
of the bench, pedestal and column types. 


Borehole Pumps.—An illustrated brochure describing 
their Spiroglide and Spyrobowl borehole pumps has been 
received from Messrs. The Harland Engineering Com- 
pany, Limited, Alloa, Scotland. The brochure, which is 
fully illustrated, draws attention to the fact. that the 
pumps can be driven either directly by electric motors 
or indirectly by steam and oil engines. 


Movable Self-Sustaining Electric Lighting Fittings.— 
Messrs. John Dugdill and Company, Limited, Hazel 
Grove, near Stockport, have issued an abridged list of 
their movable self-sustaining fittings for electric lighting. 
These include brackets of various types, screw-down 
bench standards, and lathe-slide standards for bolting to 
machinery. They are usually made of enamelled steel 
or polished, bronzed or steel-bronzed brass, but other 
finishes can be supplied. 


Radar for the Merchant Navy.—Details of the 
“ Seascan ” radar equipment which has been designed 
and manufactured by Metropolitan-Vickers Electrical 
Company, Limited, Trafford Park, Manchester 17, as a 
pavigational aid for merchant ships, are contained in a 
leaflet issued recently. A description of this equipment 
was given on page 514 of our 161st volume (1946), but 
it is interesting to learn that nearly 50 ships, ranging 
from coastal craft to the Queen Mary, have been fitted. 


Cylindrical Grinding Machine.—We have received 
from Messrs. Keighley Grinders (Machine Tools), Limited, 
Aireworth Works, Keighley, a copy of a brochure which 
describes in detail their latest KL-type cylindrical 
grinding machine. This machine can accommodate 
workpieces up to a maximum length of 1 ft. 6 in. and a 
maximum diameter of 4 in. The brochure is well illus- 
trated, and in addition to describing the grinder, gives 
details of several attachments available for use with 
the machine. 


Tube De-scaling Machines.—We have received a 
leaflet which gives detaiJs of machines manufactured by 
Messrs. B. O. Morris, Limited, Morrisfiex Works, Clay- 
lane, Coventry, for de-scaling tubes of boilers, econo- 
misers, etc., and for removing rust or scale from plates. 
Each machine comprises an electric motor, a flexible 
shaft and a de-scaling head or wire brush. They are 
available to suit alternating or direct current for a wide 
range of voltages; the electric motor is mounted on a 
trolley or provided with a handle. 


Charts.—We have received from Messrs. Marine Instru- 
ments, Limited, London and Glasgow, a copy of their 
latest chart catalogue. The catalogue has been prepared 
in order to assist shipowners, marine superintendents and 
shipmasters when considering their arrangements for the 
supply and correction of Admiralty charts. It should, 
perhaps, be pointed out that Marine Instruments, Limi- 
ted, is an association between Messrs. Kelvin, Bottomley 
and Baird, Limited, Glasgow, 3.W.2, and Messrs. Henry 
Hughes and Son, Limited, Iiford, Essex. 


Fluorescent-Lighting Fittings.—Messrs. Courtney, Pope 
(Electrical), Limited, Amhurst Park Works, Tottenham, 
London, N.15, have issued a brochure dealing with their 
fittings for fluorescent lamps. These fittings are divided 
into two types, intended for industrial and commercial 
purposes, respectively. Practically all the fittings are 
available for 40-watt and 80-watt lamps and for 4-ft. 
and 5-ft. tubes with self-contained control gears. A 
scheme has been arranged for cleaning and repairing the 
fittings ¢ach quarter, so that the maximum lighting 
efficiency may be maintained. 


Electronic Measuring Apparatus.—During the recent 
exhibition at Olympia, Metropolitan-Vickers Electrical 
Company, Limited, Trafford Park, Manchester, 17, 
showed‘ a number of new electronic measuring instru- 
ments. Leaflets describing them in some detail have now 
been issued. The leaflets cover an oscilloscope and test 
set, cathode-ray oscilloscopes of more than one type, 
a signal generator, a stabilised power unit, and valve- 
voltmeter test set. Leaflets dealing with a radio-fre- 
quency heater and an electronic process controller have 
also been published. 

Aluminium Maiting.—In a notice, entitled “ Alu- 
minium Floor Coverings,”’ in our Catalogues column, on 
page 479, ante, we gave a brief description of material 
known as aluminium matting and referred only to its 
use as a floor covering. Messrs. The British Aluminium 
Company, Limited, Salisbury House, London Wall, 
E.0.2, who issued the leaflet in question, have asked us 
to point out that the material ‘has a wide variety of 
other applications, including: running boards and kick 
plates in vehicles ; chequer plates in marine construction, 
particularly engine rooms}; and shopfitting accessories, 
electric and gas-fire reflectors, and furniture. 



































